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Man,  from  his  earliest  times,  was  probably  fa- 
miliar with  some  of  his  aquatic  relatives  —  the 
cetaceans  (whales  and  dolphins),  the  pinnipeds 
(seals  and  sea-lions),  the  sirenians  (manatees, 
the  dugong  and  the  extinct  sea-cow)  and  the 
mustelids  (otters  and  the  extinct  sea  mink). 

A I  first  he  had  little  power  to  affect  them.  Then, 
gradually,  the  range  of  hunting  vessels  was  ex- 
tended, sail  was  replaced  by  engines,  muscle  by 
explosives,  artisanal  preserving  methods  by 
freezing,  extraction  and  reduction,  and  this  led 
to  a  drastic  fall  in  the  numbers  and  range  of 
many  of  the  150  .surviving  species  of  marine 
mammals.  Fortunately,  these  events  have  been 
accompanied  by  a  growing  consciousness  that 
the  living  resources  on  which  expanding  human 
populations  rely  for  food,  shelter  and  amenities 
are  ultimately  finite. 

In  the  1970s,  interest  in  the  marine  mammals 
began  to  spread  beyond  the  groups  traditionally 
concerned  with  them.  This  emergent  conscious- 
ness coincided  with  the  growth  of  the  view  that 
the  common  property  resources  of  the  ocean 
should  be  managed  with  an  eye  to  the  future,  and 
that  all  was  not  well  with  existing  arrangements. 
It  was  in  response  to  expressions  of  widespread 
public  concern  that  the  Food  and  Agriculture 
Organization  of  the  United  Nations  decided  to 

make  an  independent  review  of  the  status  of  '  • 

whales,  dolphins,  seals  and  other  marine  mam- 
mals, through  its  Advisory  Committee  on  Ma- 
rine Resources  Research.  Asa  result,  a  Scientif- 
ic Consultation  on  the  Conservation  and  Man- 
agement of  Marine  Mammals  was  held  in  Ber- 
gen, Norway,  in  August  and  September  1976. 


This  volume  is  the  fourth  in  a  series  that  will 
reproduce  the  proceedings,  and  the  principal 
.scientific  papers,  of  the  Consultation. 
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EDITOR'S  NOTE 


Contributors  to  the  Bergen  Scientific  Consultation  on  the  Consefvation  and 
Management  of  Marine  Mammals  produced  some  140  formal  papers  (some  of  which 
were  reprints  from  existing  publications)  and  a  number  of  working  group  documents. 
Of  these  some  70  have  been  selected  for  indusion  in  Volumes  III  and  IV  and  several 
others  have  been  published  elsewhere.  A  large  proportion  received  preliminary 
editorial  attention  from  Mr  John  K.  GooUman,  who  also  was  responsible  for  the 
preparation  of  ihe  abstracts. 

The  papeis  published  here  have  been  written  by  mathematical  scientists,  field 
observers,  economists,  fisheries  biologists,  conservationists  and  anthropologists. 
Their  content  spans  modelling  of  population  dynamics,  anatomical  details,  conser- 
vation aspects  and  considerations  of  the  unseen  influence  on  scientists  and  manageis 
alike.  They  are  variable  in  length  and  in  scope.  They  provide  a  much  needed 
oveiviewor marine  mammal  status,  management  problems  -mcl  science,  and  reflect 
the  lade  of  knowledge  in  many  areas.  Cetaceans  large  and  small  share  pride  of  space 
with  the  pinnipeds,  while  the  sirenians  and  marine  otter  occupy  regrettably  few 
pages. 

In  editing  this  varied  assembly,  I  have  tried  only  to  ensure  that  the  language  was 
good  and  the  structure  dear,  and  to  correct  any  inconsistencies  that  appeared  withm 
papers.  A  faMy  obvious  order  was  diosen:  general  papers  Rrst,  covering  manage- 
ment objectives  and  modelling  techniques,  followed  by  papers  on  large  cciaccans 
(  Volume  III);  then  papers  on  small  cetaceans,  seals,  sirenians  and  otters  (Volume  IV). 
Within  each  group,  papers  are  arranged  mlo  species  status  papers,  generally  in  some 
form  of  geographical  order,  and  other  more  general  issues  including  specific  popu- 
lation modelling  techniques. 

One  problem  will  be  familiar  to  manv  readers.  The  terms  population,  stiKk, 
breeding  population,  herd,  school  and  other  such  varied  usage  of  the  English  lan- 
guage tend  to  ^ume  as  many  meanings  as  there  are  authors,  and  sometimes  more. 
While  I  do  not  believe  that  I  have  succeeded  in  standardizing  throughout,  I  have  in 
general  used  the  terms  in  the  following  way: 

-  discrete  breeding  population:  that  which  is  thought  to  be  or  is  an  independent 

genetic  unit  (sec  paper  by  Rorvik  and  Jonsgdrd): 

-  pnpulaiion:  those  animals  of  the  species  inhabiting  a  defined  geographical 
area,  but  not  necessarily  discrete  breeding  populations  nor  containing 
complete  discrete  breeding  populations; 

-  stock:  any  desired  grouping  of  animals,  usually  for  management  purposes 
(thus  the  Area  IV  stock  of  fin  whales  is  a  stock  for  which  a  quota  may  be  set, 
but  it  may  or  may  not  represent  a  discrete  breeding  population); 

-  herd:  a  group  of  smaU  cetaceans,  possibly  containing  several  discrete  bree- 
ding populations;  and 

-  school:  a  group  of  small  cetaceans  travelling  together.  IX 
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I  would  like  to  thank  authon.  for  iheir  painstaking  checking  of  references  and  of 
final  proofs;  the  extra  work  involved  for  those  authors  to  whom  English  is  not  a 
mother  tongue  is  often  not  appfcciated,  and  I  sincerely  hope  that  the  text  we  have 
agfted  betvraen  us  leflects  in  English  «iiat  they  would  have  wi^ 
lanEuafie. 

Joanna  Gordon  Clark 
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PRELIMINARY  REPORT  OF  THE  BIOLOGY, 
CATCH  AND  POPULATIONS  OF  PHOCOENOIDES 
IN  THE  WESTERN  NORTH  PACIFIC 


T.  Kasuya 


Abstract 

Tbtt  Study  suggests  the  existence  of  3  intraspcciflc  populations  of  Phocoenoides  in  the 
western  North  Padfic  and  adjacent  seas  based  on  geographical  differences  in  the  ratio  of  the 

colour  phases  of  external  pigmentation;  it  reviews  the  migration,  exploitation  and  population 
state  of  each.  Phases  of  external  pigmentation  are  classified  as:  (i)  black-type,  entirely  black 
with  no  white  area  on  the  flank;  (ii)  dalli-iype,  white  area  on  flank  extends  laterally  to  level  of 
dorsal  fin;  and  (iii)  truei-type,  white  area  on  flank  reaches  bteraOy  to  base  of  flipper,  usually 
with  slight  to  heavy  mottling  of  dark  spots  on  the  flank. 

A  general  north  and  south  seasonal  migration  seems  to  predominate  for  all  3  popula- 
tions of  Phceomoides.  The  Japanese  east  coast  population  is  composed  mostly  of  animals  of 
the  truei-iype  and  is  distributed  mainly  in  waters  ofTthc  Pacific  coast  of  northern  Japan.  This 
population  is  the  most  peculiar  of  the  3  suggested  in  its  restricted  range,  its  possibly  small  size 
and  the  possibility  that  it  may  be  exploited  the  most  heavily.  In  winter  and  spring,  about  6  000 
animals  are  harvested  annuallv  in  Miyagi  and  Iwati  prefectures  fmm  this  population  and.  in 
summer,  an  additional  unknown  number  are  killed  incidentally  in  the  salmon  giUnel  fishery. 
Relevant  biological  parameters  indicate  a  high  ratio  of  immature  animals  in  the  catch  and  a 
high  mortalit\'  rate:  (he  decline  in  catch-per-unit  of  effort  in  recent  years  is  significant  and 
should  be  watched  carefully.  Improved  analysis  of  this  population's  current  slate  requires 
collection  of  additional  biological  data  and  information  on  the  size  of  the  incidental  catch  in 
the  salmon  gillnet  fisher)'.  The  second  population.  compo<;ed  only  of  dalli-typc  porpoises,  is 
found  in  the  Bering  Sea  and  the  oflshorc  waters  ol  the  northwestern  North  Pacific;  the  limit  of 
its  eastern  range  is  unknown.  This  population  is  caught  incidentally  in  the  sabnon  gillnet 
fisherN  .  with  estimated  annual  mortality  from  10  000  to  more  than  20  000  animals  -  there  is 
no  data  suggesting  a  decrease  in  the  size  of  the  population,  however.  Reliable  collection  of 
catch  statistics  and  an  mdependent  collection  of  relevant  biological  information  associated 

with  the  incidental  fishcn,'  is  needed  An  additional  population  of  Phocoenoides  of  the 
clalU-type  is  found  in  the  Sea  of  Japan  and  the  Okhotsk  Sea.  It  is  not  exploited  in  Japanese 
coastal  waters  at  present  except  probably  for  an  inddental  catch  in  gillnets  of  small  salmon 

fishing  boats,  several  earlier  periods  of  direct  exploitation  are  known  from  1937  to  I%6  More 
study  IS  needed  to  determine  the  idenuiy  of  the  population  on  the  west  coast  of  the  Kamchatka 
Peninsula. 

L'auteur pense  qu'on  pent  distinguer  trois  populations  intrasp^cifiqucs  de  Phocoenoides 
dans  le  sccteur  ouest  du  Paciliquc  nord  ct  Ics  mers  liraitrophes  en  se  fondant  sur  les  variations  3 
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giographiqucs  dans  la  proportion  des  oouleura  de  la  pigmentation  exteroe.  11  ^vdie  ies 

misralions.  rexploitation  ct  Petal  des  stocks  dans  chaciine  de  ces  trois  sous-populations.  Les 
diverses  pigmentations  exteraes  sont  classifl^es  comme  suit:  (i)  type  noir,  enti^rcmcnt  noire 
sans  lache  blanche  sur  les  flancs;  (ii)  type  da///,  la  tache  bianche  du  flanc  s*£tend  latiralement 
jusqu'au  niveau  de  la  nageoire  dorsale:  (iii)  type  truci.  la  plage  blanche  du  flanc  s'ctcnd 
latiralemeni  jusqu'a  la  base  de  la  nageoire,  gdn^ralement  avec  des  taches  noires  plus  ou  moins 
importantes  sur  le  flane 

Une  migration  saisonni^re  vers  le  nord  etvcnlcsud  semblc  pr^dominer  dans  les  trois 
populations  de  Phocoenoides.  La  population  de  la  cAte  est  du  Japon  semble  comprendre 
surtout  des  animanx  du  type  iruei  et  Mquente  pnncipalement  les  eaux  au  large  de  la  oftte 
Pacifiquc  du  nord  du  Jaf>on.  Sur  les  trois.  cette  population  est  ccllc  qui  ofT'rc  le  plus  de 
caract^ristiques  particuUires  par  son  domaine  restreini,  sa  taille  probablement  faible  et  par  la 
poasibiliti  que  son  expkHtation  soit  la  phis  forte.  En  hiver  et  au  printemps,  environ  6  000 
animaux  sont  captures  chaquc  ann6e  dans  les  prefectures  de  Miyagi  et  d'lwati  et  en  un 
nombre  inconnu  d'exemplaires  est  detruit  fortuitement  dans  la  piche  du  saumon  au  filet 
maillani.  Les  paramtoes  biologiques  indiquent  un  nombre  tievi  d'animaux  immatures  dans 
les  prises  et  un  taux  de  mortality  ^galement  ^Iev6.  Le  fl^chissementde  la  CPUE  au  cours  des 
dernidres  ann^es  est  notable  et  devrait  ^tre  surveille  de  pr^.  Pour  pouvoir  mieux  analyser 
r^tat  actuel  de  cette  population,  il  faudrait  recueillir  des  donnt^cs  biologiques  suppl^mcntaires 
et  des  inforni^itions  sur  le  niveau  des  captures  fortuites  dans  la  peche  du  saumon  au  filet 
maillant.  1  ,i  diuxi^me  population,  compos^e  uniqucmeni  do  marsouiii^  du  tvpe  (/(////.  fn^- 
quente  la  mcr  de  Bering  et  les  eaux  au  large  du  sectcur  nord-oucsi  du  Paciliquc  nord.  On 
ignore  sa  liinile  orieniale.  Cette  population  est  afTectte  acccssoircment  par  la  pcchc  du 
saumon  au  filet  maillant  et  la  mortalitc  annucllc  serait  estimee  cntre  If)  000  et  plus  de  20  000 
animaux.  II  n'existe  cependant  aucune  dunnee  laissant  penser  a  un  tlechisscincnt  de  la 
population.  II  faudrait  recueillir  des  statistiques  de  capmres  fiaUes  et  rtonir  de  fa^on  ind^ 
pendante  des  informations  biologiques  ;\  I'occasion  des  prises  accessoires  Vne  autre  popula- 
tion de  Phocoenoides  de  type  dalli  se  trouve  dans  la  mer  du  Japon  et  la  mer  d'Ukhotsk.  Elle 
n'esi  pas explohic  aclueUemcm  dans  les  eaux  Uttoralcs  du  Japon  sauf,  pcut-£tre.  danslecasde 
quelqucs  prises  accidentelles  dans  les  filets  maillants  des  petits  bateaux  de  peche  au  saumon. 
On  sait  que  Texploitation  dirccte  a  m  pratiquie  pendant  plusieurs  pcnodcs  cntre  1937  et 
1966.  n  faudrait  etSKtau  des  Eludes  sufqpMmentatres  pour  d^rminer  I'identit^  de  la  popu- 
lation fir£quentant  la  oAte  ouest  de  la  pfainsule  du  Kamtchatka. 

Extnetm 

Fste  cstudio  sugiere  que  existen  tres  poblaciones  intraespecificas  de  Phocoenoides  en  el 
noroeste  del  Pacifico  y  en  los  mares  adyacentes,  basindose  para  ello  en  las  diferencias  de  la 
pigmentacita  externa  segAn  la  ssona  geogrifka,  y  examina  hw  movimientos  migratorios.  la 

cxplotaci6n  y  la  situaci^n  dc  cada  una  de  las  poblaciones.  Segun  la  pigmentacion  externa,  se 
clasifican  en:  (i)  tipo  negro  -  animalcs  lotalmente  negros,  sin  ninguna  superficie  blanca  en  el 
oostado;  (ii)  tipo  thiti  •>  oon  una  »ma  blanca  en  el  oostado  que  se  extiende  latenihnente  hasta 
el  nivel  de  la  aleta  dorsal;  y  (iii)  tipo  tnwi  con  una  zona  blanca  en  el  costado  que  llega 
lateralmente  hasta  la  base  de  la  aleta,  con  frecuencia  salpicada  de  manchas  negras  de  mayor  o 
menoT  intensidad. 

En  las  tres  poblacionesde  Phocoenoides  parece  predominar  un  movimiento  migratorio 
general  hacia  el  norte  y  hacia  el  sur,  segiin  las  estaciones.  La  poblaci6n  de  la  costa  oriental  del 
Jap6n  esti  oompuesta  principalmente  por  animales  de  tipo  truei  y  se  encuentra  sobre  todo  en 

las  aguas  siiuadas  frcntc  a  la  costa  del  Pacifiai  del  norte  del  .Inpon  Fsta  pdhlacinn  cs  la  mas 
peculiar  de  las  tres  cuya  existencia  sugiere,  por  razon  de  su  drea  limitada  de  dislribucion,  el 
pequefio  volumen  que  probabkmente  Iknc  la  poblaci6n  y  la  postbilidad  dc  que  sea  relati- 
vamcnte  la  mis  eiqiiotula.  Durante  el  inviemo  y  la  primavera  se  capturan  anualmente  unos 
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6  000  aninialcs  dc  csia  poblacion  en  las  prefci  tvir.iK  <\c  Mi\a!:i  c  Iwati.  v  (Uiranie  el  verano  iin 
numero  no  determinado  de  aniniale&  resulian  niuciioN  accidenialmcnic  en  ia  pcMjucria  de 
salni6n  con  redes  de  enmalle.  Los  partmetros  biol6gicos  rcvclan  un  elevado  porcentaje  de 
animales  inmailiiro';  en  las  capturas  v  un  alto  indice  dc  niorialidad;  la  disminuci6n  de  la 
captura  por  unidad  dc  c^tucnuj  en  km  lillimub  anus  impurianlc  y  ha  dc  vigilanc  a(cnta- 
menie.  hia  poder  analizar  mcjor  la  atuadta  actual  de  esta  poMackyn  es  necesario  recoger 
mds  datos  hiol6cicos  e  informaci6n  sobre  las  capturas  accidentalcs  de  esta  poblacion  en  la 
pesqueria  de  salm6n  con  redes  de  enmalle.  La  segunda  poblacion,  cumpucsia  piincipalmcnie 
por  manopas  de  tipo  dalli,  tieae  su  Area  de  distribiici6n  en  el  mar  de  Bering  y  en  las  aguas  de 
media  altura  del  noroeste  del  Padfico.  No  se  contx-e  e!  limite  oriental  de  su  drea  de  distrihu- 
ci6n.  Esta  pobiaddn  sc  caplura  accidcnlalmcnlc  cn  la  pesqueria  de  salni6n  con  rcdcs  dc 
enmalle,  con  una  moitalidfld  anual  que  se  estima  entre  10  000  y  mks  de  20  000  animates,  a 
pesar  de  lo  cual  no  hay  datos  que  in  li(|ucn  una  disminucion  de  la  poblacion  Fs  necesario 
recoger  estadisticas  fidedignas  de  captura  y  recopilar  independientemenle  tntbrmaci6n 
biol6gica  aprovediando  las  capturas  accidentalcs.  En  d  mar  de  Jap6n  y  el  mar  de  Ojotsk  se 
cncucntra  otra  poblaci6n  de  Phocoenoides  del  tipo  dalli.  Actualmcnte  no  <r  lypK  i.i  i  n  :i;uias 
costeras  del  Japon,  si  se  exceptua  la  probabiiidad  de  que  se  capturen  accidentalmenie  algunos 
ejemplares  en  las  redes  de  enmalle  de  las  pequefias  embarcadones  salmoneras;  se  sabe  que 
entre  1937  v  l%6  sc  cxploto  direclamente  en  algunas  iKasioncs.  Son  nccesarii>s  mas  estudios 
para  determinar  la  identidad  de  la  poblacidn  que  se  encuentra  en  la  oosta  occidental  de  la 
peninsula  de  Kamchatka. 


T.  Kasuya 

Ocean  Reseanh  Institute.  Univemty  of  Tokjm,  1-J5-J  MinanUdtu,  Nakano-ko  Tokyo  164. 
Japan 
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Introduction 


Kuroda  (1954)  concluded,  based  mainly 
on  the  distribution  and  schooling  behaviour  of 
ihc  porpoise,  that  Phocoenoides  dalli  (True, 
1885)  and  F,  truei  (Andrews*  191 1)  belong  to 
one  species,  and  that  the  latter  constitutes  one 
small  population  living  off  the  Pacific  coast  of 
northern  Japan.  Furthermore,  the  facts  that 
some  intermediate  variations  in  the  pigmen- 
tation of  the  body  (Nishiwaki.  Kasuya  and 
Houck,  1966)  were  found  and  that  no  biome- 
trical  difTerence  was  detected  between  the 
porpoises  representing  the  two  colour  types 
caught  ofF  the  Pacific  coast  of  Japan,  Okhotsk 
Sea  and  Aleutian  waters  (Kasuya,  unpub- 
lished) strongly  support  the  conclusion  of 
Kuroda  (1954). 

In  this  preliminary  report  the  three  pop- 
ulations of  Phocoenoides  in  the  western 
North  Pacific  and  adjacent  seas  were  tenta- 
tively separated  based  on  the  geographical  dif- 
ference of  the  ratio  of  the  colour  phases  of 
external  pigmentation;  the  migration,  exploi- 
tation, and  the  status  of  the  population  are 
then  discussed  for  each  stock  of  the  species. 

Further  studv  on  the  biology  of  this 
porpoise  in  the  northwestern  Pacific  is  bemg 
conducted. 


Matcriab 


The  sighting  records  of  small  cetaceans 
in  the  North  Pacific  referred  to  here  were 
mainly  collected  by  m\scir  in  the  period  from 
1968  to  August  1975  through  the  various  cruis- 
es of  the  research  vessels  Tanseimaru,  Hafcu- 
homaru,  Hayachinemaru  and  Enoshimamaru, 
and  of  the  whaling  ship  Ginseimaru  No.  2.  The 
records  of  the  incidental  catch  of  Phocoenoides 
by  the  research  vessels  in  the  salmon  gillnet 
fishery,  Kitagamimaru  and  Iwatemaru,  were 
provided  by  Mr.  S.  Nagahora  and  Mr.  J.  Iwa- 
6       giri  for  the  1970,  1971,  1972  and  1973  seasons. 


Similar  information  from  the  research  vessel  • 
Hokushinmaru  was  provided  by  Mr.  T.  Oka- 
zald  for  the  year  1973.  These  data  were  very 
valuable  because  of  the  highly  reliable  identi- 
fication of  P.  dalli  and  P.  truei.  Other  ancillary 
records  of  sporadic  catches  or  of  sightings  , 
provided  by  Dr.  Y.  Naito  and  Mr.  N.  Miyazaki 
are  used.  Besides  the  above  data,  the  sighting 
or  sporadic  catch  records  reported  by  Kuroda 
(1956),  Masaki  (1972),  Matsui  and  Uchihashi 
(1943),  Mizue  and  Yoshida  (1965),  Mizue, 
Yoshida  and  Takemura  (1966),  Nishiwaki 
(1967),  Nemoto  et  al.  (1966).  Seno  (1940)  and 
Shimazu  (1971)  are  used  in  this  report. 

The  biological  data  of  810  porpinses 
taken  in  the  porpoise  hunt  in  the  Sanriku  re-  I 
gion  (Aomori,  Iwate  and  Miyagi  prefectures, 
or  northeastern  Pacific  coast  of  Japanese  main 
island)  were  collected  by  myself  from  January 
10  April,  in  1972  and  1974. 

As  shown  in  Table  1  the  statistics  of  the 

Eorpoise  hunt  in  the  last  12  years  were  col-  | 
N;ted  from  most  of  the  fish  markets  in  the 
Sanriku  region  These  statistics  give  only  the 
monthly  weight  of  the  porpoise  measu red  after  ' 
removal  of  Sie  viscera,  the  ]nice  of  porpoise  • 
sold,  and  the  monthly  cumulative  number  of 
harpoon  fishing  boats.  Though  the  last  can  be 
used  as  a  kind  ot  measure  of  lishm^  eitbrt,  it  is  > 
incomplete  because  it  does  not  mdude  the  , 
numbers  of  boats  which  came  back  with  no 
catch.  In  the  case  of  Kesennuma  Fish  Market 
the  catch  of  porpoises  by  harpoon  is  not  sepa- 
rated from  that  oy  other  methods.  However,  it 
is  not  important  in  this  studv  because  there  arc 
no  other  fishing  boats  which  can  take  many 
porpoises  in  the  winter  season  and  because  the 
amount  of  porpoises  landed  at  this  market  is 
ver\'  small.  Though  the  statistics  cif  the  Ishino- 
maki  and  Shiogama  Fish  Market  were  not  I 
studied,  the  landings  of  porpoises  at  these 
markets  are  nraligibus. 

The  number  of  porpoises  and  the  w  eight 
of  each  animal  are  recorded  only  on  the  copy 
of  the  fishermen's  receipts  and  they  are  usually 
discarded  after  a  short  period.  Accordingly, 
the  data  on  the  body  weight  of  each  animal 
was  collected  from  Otsuchi  Fish  Market  (from 
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Table  1.  Somw  of  sttMislics  «sei  to  iMs  stadbr 
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PD 
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PD 
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PD 

PD 

PD 

PD 

PD 

PD 

PD 

PD 

PD 

PD 
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(39'04'N,  I4I*43'E) 
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PD 

PD 

PD 

PD 

PD 

PD 

PD 

PD 

PD 

PD 
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(39"(«)N.  l4r44'E) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

PD 

PD 

Kcsennuma 
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PD 
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XD 

XD 

XD 

XD 

XD 

XD 
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PD 

PD 

PD 

PD 

PD 

PD 

PD 
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X:  virtually  no  haipooo  Ming  for  poqioae:  P:  porpoiM  lbhn{  wilh  hirpooa  a|>er»leil;  D:  euch  orcflbn  data  ooDoctMi:  (Dk  data  fhun  Janury  lo  March  IM 
avaiUMc 


Populations  of 

North  Pacific 


January  1972  lo  February  1974)  and  from  Fu- 
nakoshi  Fish  Market  (from  January  to  March 
1974). 


in  the 


In  this  study  the  extenial  pigmentation 

of  Phocoenoides  is,  where  necessary,  classifled 
into  dalli-typc.  irnei-lype  and  black-type.  T^e 
last  indicates  the  animal  which  is  entirely 
blade.  The  {ktlli-type  is  represented  by  the 
animals  on  which  the  white  area  on  the  flanks 
extends  to  the  level  of  the  dorsal  tin.  In  ani- 
mals of  this  type  no  spot,  or  only  very  slight 
spottings,  on  the  white  area  of  the  flank  can  be 
seen.  On  the  tmci-lype  the  white  area  reaches 
to  the  base  of  the  flipper,  and  there  are  usually 
some  spots  on  the  flank  varying  from  very  slight 
to  very  heavy.  In  the  case  of  heavy  mottling, 
which  is  rather  rare,  the  spots  are  usually  re- 
stricted to  the  area  between  the  level  of  the 


base  of  the  flipper  and  the  level  of  the  dorsal 
fin,  where  the  colour  should  be  black  on  the 
animals  of  the  dalli-iype.  Even  if  this  part  is 
heavily  mottled,  the  animals  are  classed  as 
tnu'i-[\pc.  as  the  white  background  is  distin- 
guishable, in  newborn  animals  or  full-term 
foetuses  of  the  dalli-typc,  the  area  on  the  flank 
between  the  base  of  the  flipper  and  the  doisal 
fln  is  of  lighter  pigment  than  the  correspond- 
ing part  of  the  adult  (see  Plate  1  of  Mizue  and 
Yoshida,  1%S).  This  is  comparable  with  the 
fact  that  the  corresponding  part  of  the  juvenile 
animal  of  the  truei-typc  is  light  grey.  However, 
even  in  juveniles,  the  two  types  can  be  distin- 
guished without  difficulty  because  of  the 
clearness  of  the  anterior  margin  of  the  white 
area  and  the  darker  pigmentation  of  the  cor- 
responding part  in  the  dalli-iypc. 

Figs.  1-6  and  Tables  2  and  3  show  the 
three  types  of  Phocoenoides  and  their  geogra- 
phical distribution.  Ali  the  animals  sighted  b^ 
me  in  the  southern  Okhotsk  Sea  and  two  ani- 
mals caught  at  the  west  coast  of  Kamchatka 
Peninsula  (Seno,  1940)  belonged  to  the  dal- 
//-type. 
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Tabk*  2.    Number  orsi|>hlin|>s  or  spuradic  calch  of  Phocoenoides  and  pcr(.'i*nla)>i-  of  rruW-t>pi> 
Area  I:  West  of  143  30'E;  Area  2:  I43'30'E-I55"E:  Area  3:  155  E- 170  E:  Area  4:  170  E- 170  W 


Pacific 

Ocean 

Sea  of  Japan 

Okhotsk  Sea 

Bering  Sea  ' 

Month 

.Area 

1 

Area 

2 

Area 

3 

Area 

4 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

No, 

No, 

« 

No,  % 

l-eb. 

44 

100 

Mar. 

25 

100 

Apr. 

24 

0 

2 

0 

4 

0 

May 

a4 

0 

6 

0 

26 

6X4 

4 

25.0 

5 

(» 

June 

2 

0 

7 

0 

188 

97.9 

4 

0 

50 

6.0 

19 

0 

lU  0 

July 

67 

0 

30 

33.3 

65 

58.5 

30 

36.7 

15 

0 

Aug. 

4 

I(X) 

Sep. 

98 

0 

II 

100 

Oci 

II 

90.9 

Nov. 

12 

0 

Dec. 

23 

0 

Total 

112 

0 

178 

0 

348 

80.5 

99 

64.6 

82 

17.1 

43 

0 

10  0 

■  Bering  Sea:  West  of  1 7rrW, 
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Fig.  6.  -  Positions  of 
sighting  or  of  sporadic 
catch  of  Phocoenoides. 
Open  circle:  /n/W-lype, 
closed  circle: 
dalli-lyp€,  half  closed: 
a  school  with  two 
ivpcs,  dotted  line: 
18.3'"C  (65"F)  surface 
water  in  August  (U.S. 
Na\')'  Hydrographic 
OfTice.  1944).  Larger 
circle  indicates  10 
schools,  and  the 
smaller  I. 


Table  3.    Ratio  of  3  types  of  pigmcnialton  in  the  catch  off  Sanriku  and  l  ajima  coasts 


Month 


Tajima ' 
Jalli- type 


Sanriku 


black-type 


(Aj///-type 


frw«-typc 


Total 


No. 

% 

No. 

% 

No. 

% 

No. 

% 

Jan. 

1 

0.5 

6 

2.7 

215 

%.« 

222 

Feb. 

2 

100 

1 

0.3 

10 

3.4 

287 

96.3 

298 

Mar. 

302 

100 

1 

0.4 

14 

5.0 

266 

94.6 

281 

Apr. 

1  381 

100 

9 

100 

9 

May 

176 

100 

Total 

1  861 

100 

3 

0.4 

30 

3.7 

777 

95.9 

810 

10 


■  Nofuchi.  1946. 
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In  the  Sea  of  Japan,  all  the  sightings  off 
the  west  coaal  of  Hokkaido  and  in  itic  central 
part  of  the  Sea  of  Japan  were  of  the  dalli-typc. 
Matsui  and  Uchihashi  (1943)  reported  that 
only  dalli-lypc  are  Ibiind  off  the  Tajima  coast 
(southern  coast  of  the  Sea  of  Japan),  based  on 
the  33  animals  caught  by  a  research  vessel  and 
630  animals  landed  h\  the  local  fishermen. 
Noguchi  ( 1946)  wrote  that  F.  iruei  (iruei-lypc) 
is  scarce  otT  the  Tajima  coast,  without  giving 
his  reasons.  However,  as  only  P.  dalli  {dal- 
//-tvpc)  are  shown  in  his  appendix-Table  1 
show  ing  the  .sex  and  bod\  lengths  of  197  Pho- 
coenuides  caught  off  lajima  coast,  it  is  rea- 
.sonable  to  conclude  that  no  animab  of  the 
/n/fv-type  are  found  there.  The  monthly  catch 
of  Jalli-\ype  in  Table  3  is  cited  from  the  ap- 
pendix-Table 2  of  Noguchi  (1946)  showing  the 
catch  off  the  Tiyima  coast  in  1942  and  1943, 
which  data  were  orisinallv  taken  from  the  sta- 
tisttcs  from  Minato  village  on  the  Tajima  coast. 

In  the  Bering  Sea  and  in  the  northern 
North  Pacific  east  of  I  TOT,  only  the  dalli-typc 
is  observed.  The  ratio  of  /n/t'/-type  increases  in 
the  southwest  part  of  the  North  Pacific,  and 
attains  a  maximum  of  96  %  as  seen  in  the  catch 
off  Sanriku  coast  (Table  3).  As  the  fishing  area 
off  Sanriku  coast  is  within  the  range  of  about 
30  nautical  mile^  from  the  coast,  it^  range 
coincides  approximately  with  the  central  part 
of  Area  1  in  Table  2.  Accordingly,  the  ratio  of 
rn/c/'-typc  in  the  catch  off  the  Sanriku  coast 
and  that  of  animals  sighted  in  the  Pacific  Area 
I  coincides  fairly  wellexcept  for  12,  23  and  2 
animals  of  the  dalli-lype  sighted  in  November, 
December  and  May.  respectively,  off  the  sou- 
thern coast  of  Hokkaido  (entrance  of  Uchiura 
Bay)  corresponding  to  Pacific  Area  1. 

The  above  suggests  that  there  are  ptis- 
sihl\  three  populations  in  the  western  North 
Pacific  and  adjacent  seas.  I  he  first  is  a  popu- 
lation off  the  Pacific  coast  of  Japan,  which  is 
C(^mp<>sed  mostly  of  the  animals  of  iruei-Xypc 
and  is  distributed  mainly  in  the  waters  off  the 
Pacific  coast  of  northern  Japan.  In  the  winter 
season  they  migrate  up  to  Choshi  (35"44'N, 
140"50'E)  as  reported  by  Noguchi  ( 1946).  How- 
ever, only  a  few  members  of  this  population 


appear  to  migrate  as  far  as  this,  since  landings 
of  Phocoenoides  at  Choshi  Fish  Market  could 
not  be  confirmed  (Miyazaki,  pers.  comm.). 
The  southernmost  record  of  Phocoenoides  on 
the  Pacific  coast  of  Japan  is  thoimht  to  be  in 
Suruga  Bay  (34"45'N,  138  30'E)"  m  March 
(Kuroda,  1940).  Though  the  position  where 
this  animal  was  caught  and  the  colour  type  arc 
not  certain,  it  is  not  impossible  to  expect  it  in 
Suruga  Bay  because  the  water  temperature 
can  be  below  ITC  in  the  area  where  the  mig* 
ration  of  Phocoenoides  is  expected  (see  Table 
4).  In  the  summer  season  most  of  the  animals 
of  this  population  stay  off  the  east  coasts  of 
Hokkaido  and  of  the  southern  Kurile  Islands, 
which  feature  is  shown  in  Fig.  6  and  Table  2  of 
this  report  and  Fig.  3  of  Ohsumi  (1974).  Ho- 
wever, few  individuals  seem  to  migrate  up  to 
the  east  coast  of  the  southern  Kamchatka  Pe- 
ninsula. Possibly  this  is  a  population  living  in 
the  coastal  waters  near  to  the  edge  of  the 
Oyashio  Current. 

Hioiigh  it  is  not  certain  whether  the 
porpoises  of  the  dalli-typc  and  of  the 
black  tN  pe  found  off  Sanriku  coast  belong  to 
thai  pvipulation  or  are  migrants  fipom  other 
populations,  I  am  inclined  to  choose  the  for- 
mer hypothesis  and  consider  that  the  ratio  of 
the  three  t^pes  is  at  equihbrium  in  the  popu- 
lation. This  assumption  seems  to  be  correct 
because  the  ratio  of  truei-typc  in  Pacific  Area  1 
is  almost  stable  in  the  seasons  from  Januaiy  to 
June  (Tables  2  and  3). 

The  second  population  is  that  which  has 
its  range  in  the  Bering  Sea  and  the  offshore 
waters  of  the  northwestern  North  Pacific.  The 
southwestern  part  of  the  range  of  this  popula- 
tion overiaps  uie  northern  and  eastern  range  of 
the  Japanese  east-coast  population.  The  ani- 
mals of  this  population  seem  to  have  a  north 
and  south  migrauon  in  accordance  with  the 
season  (Ohsumi,  1974).  The  eastern  boundary 
of  this  population  is  not  known. 

The  third  population  of  Phocoenoides  is 
found  in  the  Sea  of  Japan  and  in  the  Okhotsk 
Sea.  As  all  the  porpoises  of  this  species  in  these 
waters  are  composed  of  the  dalli-lype.  they  are 
considered  not  to  belong  to  the  Japanese  11 
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east-coast  population.  The  fact  that  the 
truei-type  migrates  in  the  summer  season  to 
the  waters  east  of  the  Kurile  Islands  but  not  to 
the  west  of  them  suggests  that  the  Kurile  Is- 
lands mav  be  a  harrier  to  ihe  distribution  of 
the  porpoise,  and  thai  the  dulli-lype  observed 
in  the  southern  part  of  Okhotsk  Sea  is  sepa> 
rated  from  the  offshore  western  North  Pacific 
population.  According  to  Noguchi  (1946)  the 
catch  of  Phocoenuides  off  l  ajima  coast  was 
highest  from  late  March  to  early  May,  then  the 
catch  was  replaced  by  I.agenorhynchus.  My 
own  observation  shows  that  Phocoenoidex  is 
scanty  in  April,  May  and  June  in  the  central 
and  southern  Sea  of  Japan,  but  that  many 


Phococnoidcs  are  found  off  the  west  coast  of 
Hokkaido  and  are  continuously  distributed  as 
far  as  the  Okhotsk  Sea  (Fig.  6  and  Table  2), 
and  the  porpoises  are  abundant  in  the  south- 
ern Okhotsk  Sea  in  Julv  and  September. 
This  strongly  indicates  that  the  porpoises 
spend  die  winter  in  the  southern  Sea  of  Japan 
and  move  to  the  Okhotsk  Sea  in  the  summer. 
The  absence  of  Phococnoidcs  and  the  presence 
of  many  Tursiops  and  Pseudurca  in  winter  at 
the  Tsuchima  Strait  (34°N,  \7SP3ffE)  suggest 
that  Phorocnoldesdoes  not  migrate  to  the  East 
China  Sea 

Ohsumi  (1974)  showed  that  many  small 
cetaceans  were  incidentally  captured  by  the 


Tabic  4.    Occurrence  of  schools  of  Ddphinid  species  in  Ihe  western  North  Paciric  in  relation  to  the  surface  water  lempcralure 
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salmon  tiill-nel  fisherv  off  the  west  coast  of  the 
Kamchatka  Peninsula.  I  hcse  may  be  of  the 
d!ti///-type,  but  their  identity  is  not  certain. 

The  four  schools  of  37  Phocoenoides  of 
the  dulli-lypc  observed  in  May.  November  and 
December  off  the  southwest  coast  of  Hokkaido 
(421am,  UlT,  entrance  of  Uchiura  Bay) 
indicate  that  some  animals  of  the  populations 
in  the  seas  of  Japan  and  Okhotsk  or  in  the 
oflshore  western  North  Pacific  might  migrate 
to  the  southern  coast  of  Hdckaido. 


and  sfatus  of  population 


Japanese  east-coast  population 

Ohsumi  (1972)  made  a  complete  review 
of  recent  Japanese  small  cetacean  hunimg 
based  on  the  official  statistics.  His  study 
showed  that  small  cetacean  fishing  in  the  north 
of  Chiba  prefecture  is  restricted  to  Mivagi  and 
Iwate  prefectures  or  to  the  middle  and  south- 
em  part  of  the  Sanriku  region.  The  method 
of  hunting  is  described  by  Pilleri  (1971)  and 
Ohsumi  (i'972), 

Phucoenoides  hunting  in  the  Sanriku  re- 
gion is  done  by  hand  harpoon  mily  in  the  sea- 
son when  other  fishing  opportunities  are  scar- 
ce. Almost  all  the  porpoises  caught  in  this  re- 
gion have  in  recent  years  been  sent  to  Shizuo- 
ka  and  Yamanashi  prefectures,  where  Stenella 
spp  caught  off  the  aiast  of  Izu  Peninsula  is 
alsii  consumed:  a  very  small  amount  is  sent  to 
^  amagaia  and  Akila  prefectures.  The  season 
usually  starts  between  21  and  31  January  and 
closes  in  early  April.  Almost  no  boats  operate 
harpoon  fishing  in  May  but  ii  mcreases  again 
in  June  with  the  arrival  of  swordfish.  As 
swordfbh  arc  a  much  more  profitable  product 
of  harpoon  fishing,  and  as  the  price  of  por- 
poise becomes  extremely  low  after  April  as  a 
result  of  the  consumers'  eating  customs,  the 
fidiermen  do  not  catch  porpoises  in  the  sum- 
mer season.  As  a  result,  the  catch  of  porpoises 
from  January  to  April  is  93.3  %  of  the  total 
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Month 

FlCi.7.  -  MonlliK  Iluctuuiion  nl  tiiich  nt  porpoise,  number  of 
harpoon  fishing  k^uLs  and  (  I'Ul-.  m  the  years  from  1962  to 
1973  at  Sanriku  coast,  and  price  of  poqwise at  the  fish  maifcets 
of  the  same  region  in  1973. 


catch.  These  features  are  shown  in  Fig.  7  based 

on  the  statistics  of  the  last  12  years  from  va- 
rious fish  markets  in  the  Sanriku  region. 

in  the  porpoise  llshing  season,  when  1 
stayed  to  study  810  Phocoenoides  in  the  Sanri- 
ku region,  no  catch  of  other  species  of  ceta- 
ceans was  observed.  And  even  in  the  records  of 
Funakoshi  and  Otsuchi  Fish  Markets  for  the 
years  from  1972  to  1974  in  the  months  from 
January  to  April,  only  9  other  small  cetacean 
species  are  found,  0.2  %  of  the  3  998  animals 
recorded.  This  is  because  Phocoenoides  is  pre- 
dominant in  the  season  and  in  the  area,  and 
because  the  price  of  other  species  is  too  low 
compared  with  that  of  Phocoenoides.  Accord-  13 
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ingly.  it  i*^  safe  m  sav  that  the  catch  of  other 
species  is  a  ncgli^ibic  fraction  of  the  winter 
catch.  As  shown  in  Fig.  7.  the  weight  of  landed 
porpoise  shows  a  rise  in  No\emher  This  is 
afTectcd  bv  a  biii  catch  ( 107  ions)  in  November 
1964  recorded  at  Kcscnnunia  Fish  Market.  As 
the  catdi  from  various  offshore  fishing  opera- 
tions is  landed  at  this  market,  it  is  reasonable 
to  consider  that  this  big  landing  of  porpoise 
was  made  by  another  type  of  fishing  boat, 
probably  by  a  purse  seiner.  The  species  landed 
ma\  not  be  Phocoenoulcs.  If  this  catch  is  ex- 
cluded, and  the  November  1964  catch  is  as- 
sumed to  be  7  tons  as  in  the  case  of  the  pre- 
ceding month,  the  catch  per  1  harpoon  boat 
(CPUE)  shows  a  smooth  change  as  shown  by 
an  open  circle  and  dotted  lines  in  Fig.  7. 

While  sightings  of  Phocoenoides  occur 
from  September  to  July  off  the  Sanriku  region, 
the  peak  of  migration  is  considered  from  the 
CPUE  to  be  in  April.  The  catch  ol  Fiwcoctwi- 
des  in  the  Sanriku  region  seems  to  occur  before 
the  peak  of  the  north-bound  migration.  This 
suggests  that,  if  the  arrival  of  the  porpoises  is 
delayed  by  the  elTect  of  oceanographic  condi- 
tions, the  catch  and  CPUE  of  the  year  can  be 
lai^ely  influenced.  As  Phocoenoides  is  rare  in 
the  waters  with  a  surface  water  temperature 
above  17  C  (  l  able  4),  the  migration  of  these 
porpoises  to  the  Sanriku  region  in  the  summer 
season  must  be  negligible. 

As  shown  in  F^ig.  3.  Phocoenoides smaWcr 
than  164  cm  in  body  length  are  not  taken  in 
this  fisheiy.  The  length  164  cm  corresponds  u> 
the  age  oi  about  I  year  (Mizue.  Yoshida  and 
Takemura.  1966).  this  and  the  fact  that  the 
lactating  or  lactating  and  simultaneously 
pregnant  females  are  only  5.1  %  and  8.S  %  of 
the  mature  females,  respectively,  suggest  that 
the  suckling  calf  and  the  mother  rarely  come  to 
the  bow  of  the  ship  and  are  not  usually  taken 
by  a  harpoon.  The  ratio  of  pregnant  or  resting 
females  is  84.7  %  and  1.7  %  respectively. 

The  ratios  of  immature  animals  in  the 
caich  of  females  in  January,  February  and 
March  are  S2.6  %,  60.0  %  and  70.4  %,  respec- 
tivelv.  Though  the  occurrence  of  maturity  in 
males  has  not  yet  been  studied  the  tendency 


seems  to  be  the  same  as  with  females,  because 
the  ratio  of  smaller  animals  increases  in  March 
(Fig.  8).  The  sex  ratio  also  changes  with  the 
season  (Table  5).  These  fact^  suggest  the  oc- 
currence of  scercsation  bv  urowth  siaue  and 
se.\.  But  this  problem  must  be  solved  in  future 
based  on  more  samples. 

The  mean  weight  of  Phoioi'nnidt's  (after 
removal  of  all  viscera)  changes  with  the  sea- 
son. This  is  probably  related  to  the  segregation 
of  the  animals  mentioned  above.  It  is,  howe- 
ver, safe  to  sav  that  the  mean  weight  is  about 
81  kg  (l  able  6).  I  his  figure  is  used  here  to 
calculate  the  number  of  animals  from  the  re- 
cords of  catch  statistics  by  weight. 


150  180  200 

Body  length   in  cm 

t-Ki.  8.      Hoi.\\  knt;ih  IrcuuciiLS  nl  i'liiHiivniiicliw  caught  al 

Sanriku  coast  in  1472  and  1974.  Kl  and  F  indicate  males  and 
females  respectively. 
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TabkS.  Sexniioofi 


[  in  the  cMch  off  Sflflrikii 


Month 

Female 

Male 

Male/Female 

Jan. 

75 

147 

1.99 

Feb. 

III 

173 

I.S6 

Mar. 

157 

122 

0.78 

Apr. 

9 

Total 

343 

4SI 

1.31 

Fi^.  4  shows  ihc  annual  fluctuation  of 
the  catch,  number  of  boats  operated  (day  X 
No.),  and  the  weight  of  porpoise  caught  by  a 
day's  work  of  a  boat  (CPUE,  kg)  in  the  months 
from  Januarv  to  April.  I  his  indicates  that  the 
catch  per  annum  of  Phocoenoides  in  the  San- 
riku  region  fluctuated  between  4  500  and  7  500 
animals  This  \  alue  is  slightly  lower  than  the 
loial  catch  of  small  cetaceans  in  this  region 
shown  by  Ohsumi  (1972).  But  it  must  be  noted 
that  the  official  statistics  cited  by  Obsumi 


I  able  6.   Mean  body  weight  of  Phocoenoidn  hi  the  catch  off 

the  Sanriku  couM 

1: 1 10  10: 2: 1 1  to  20: 3 :  2 1  to  end  of  month 


Month 

No.  of 
animals 

Total 
weight  (kg) 

Mean  weight 
(k|)  (without 
viscera) 

1 

99 

7  932 

80.1 

Jan. 

2 

263 

22  736 

86.4 

3 

S84 

49650 

85.0 

1 

m: 

43  56! 

81.1 

Feb. 

2 

926 

76  123 

812 

3 

341 

26440 

T7.5 

1 

599 

46126 

77.0 

Mar. 

2 

380 

29088 

76.5 

3 

134 

10319 

77.0 

1 

24 

2005 

Apr. 

2 

95 

7597 

soo 

3 

2 

180 

Total 

3  989 

322  IS7 

80.8 

(1972)  include  the  summer  season  catch  which 
probably  contains  other  species,  and  that  the 
number  of  animals  were  calculated  by  an 
unknown  method. 

The  most  important  feature  of  the  catch 
is  the  rapid  decrease  of  CPUE  in  recent  years. 
If  the  number  of  the  harpoon  fishing  boats 
which  came  back  to  port  with  no  catch  are 
included  in  the  effort,  the  decline  of  the  CPUE 
would  be  even  more  conspicuous.  It  must  also 
be  noted  that  the  size  of  the  porpoise  hunting 
boats  is  increasing  compared  with  the  past. 
This  must  have  changed  the  CPUE. 

Fig.  9  indicates  that  the  number  of  Dall's 
porpoise  caught  per  day  of  operation  by  har- 
poon fishing  boats  (CPl.^E)  has  declined  in 
recent  years.  It  remains  to  be  considered 
whether  this  reflects  a  decHne  in  the  popula- 
tion, taking  account  of  the  most  recent  data. 
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Fig.  9.  -  Amiual  fluctuationof  the  nimiber  of  harpoon  fish- 
ing boats,  catch  ul  |V)rpoise  (left  scale  weight  in  tons,  right 
scale  number  of  porpoises  calculated  from  the  weight),  and 
CPU  li  (left  scale  weight  in  kg,  right  iicalc  numlxrr  of  porpoises 
calculated  from  the  weight)  at  Sanrikv  coast  in  the  months 
from  January  to  April. 
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Table  7  shows  the  catch  of  porpoise  off 
the  Sanriku  coa!>t.  The  catch  is  considered  to 
connst  mostly  of  Dall*s  porpoise  caught  by 
harpoon  fishing,  except  for  a  small  number  in 
the  summer.  Phocoenoides  are  also  landed  at 
Ishinomaki  Fish  Market  (38"24'N,  141 '18'E), 
but  as  the  total  landing  of  all  delphinids  there 
is  onlv  a  few  tons  annualK.  the  statistics  are 
not  included  in  Table  7.  The  etfort  data  in- 
clude only  the  number  of  harpoon  fishing 
boats  which  landed  a  catch;  the  boats  that 
returned  without  porpoises  are  not  included. 

The  declining  trend  of  CPUE  did  not 
continue  through  the  1975  season,  for  which  a 
high  value  was  recorded,  as  high  as  in  1966. 
Miyazaki.  Kasuva  and  Nishiwaki  (1964) 
showed  that  the  annual  fluctuation  in  the  catch 
of  striped  dolphin  (Stenella  coeruleoalba)  and 
^tted  dolphin  {S.  attenuata)  offSagami  Bay, 
approximately  450  km  south  of  the  Phocoe- 
noides ground,  is  correlated  with  the  fluctua- 
tion of  the  Kuroshio  Current.  The  cyde  of  the 
fluctiiation  in  the  catch  is  8  or  9  years  (Kasuya, 
1976)  and  there  is  a  7  to  9  year  fluctuation 
cycle  in  the  velocity,  volume  of  water  trans- 
pcnted  and  the  meander  of  the  Current  (Nita- 
tti,  1975).  As  the  striped  dolphin  off  the  Pacific 
coast  of  Japan  seems  to  be  densely  distributed 
near  the  northern  boundaiy  of  this  current,  in 
the  years  when  the  Kuroshio  Current,  is  near 
the  coast  the  amoentration  of  this  species  will 


also  be  found  there.  It  is  not  unreasonable  to 
expect  a  similar  effect  of  the  current  on  the 
catch  of  Phocoenoides,  because  the  soudiea- 
stern  boundary  of  the  population  is  the  edge  of 
the  Kuroshio  Current.  Actually,  the  relation- 
ship between  the  catch  (N)  of  the  two  species 
of  Stenella  by  drive  fishery  offSagami  Ray  and 
the  CPUF  of  Hall's  porpoise  by  harpoon  fish- 
ing is  expressed  by  the  following  equation: 

CPUE  =  0.000159N  +  3.41 
correlation  ooefiident  -  0.63 

This  strongly  suggests  that  the  catch  of 
Dall*8  porpoise  and  that  of  two  kinds  of  Ste- 
nella are  affected  directly  or  indirectlv  bv  a 
common  factor,  presumably  the  annual  11  ac- 
tuation of  the  Kuroshio  Current.  Accordingly, 
the  variati<Ml  of  the  CPUE  shown  in  fable  7  is 
probably  not  a  good  indicator  of  changes  in 
abundance  of  this  population. 

For  better  analysis  of  the  status  of  the 
population,  information  on  the  amount  of 
incidental  catch  of  this  population  bv  salmon 
gill-net  fishery  off  the  west  coasts  of  Hokkaido 
and  southern  Kurile  Islands  and  infotmatifMi 
on  the  rdatkmship  between  oceanographical 
conditions  and  the  migration  of  the  porpoise 
are  needed. 

The  effect  of  past  fur  seal  poaching  on 
hunting  patterns  should  be  cfaedced.  The  de- 


TaUe  7.  GMch  aiatlMks  of  poipolMt  off  the  Snrika  omt  > 


1963     1964     1965     1966     1967     1968     1969     1970     1971     1972     1973     1974  1975 


Tiilal  talch  (tons)  7.M 

Total  calch  (No.)^  9  040 

Winter  catch  (tons)  ^  448 

Winter  catch  (No.)  2 »  SS40 

Boat  days  (No.)  >  937 

Catch  per  boat  (No. ) '  5.9 
Striped  dolphin  (No.)  * 

8269 

Spotted  dolphin  (No.)  * 


763  742  645  416 

9  440  9  180  7  980  5  150 

536  650  451  381 

6630  8040  SS90  4  710 

1364  1439  914  IQS8 

4.9  S.S  6.1  4.S 

8535  6103  15649  14351 


486      S68      651  421 

6020    7020    8060  5  210 

448     449      578  375 

5  540    5  550    7  150  4  640 

1.232    1  586    1  876  I  102 

4.5      3.5      3.8  4.2 

3  130  5  .107 

8198  4626 

435  2  697 


419  >H4  522  594 

5  190  7  2.XI  6  470  7  350 

406  560  455  559 

5020  6930  5630  6920 

1243  1  430  1  561  1064 

4.0  4.8  3.6  63 

3  315  7  235  6  799  11  715 

0  662  I  162  1  615 


'  Niaefbhimrkeitfl«mM1yakoK>Oiii|«m(iluiwn  iBlkb^ 

'  Cakulalcd  from  the  weight  avsumtng  SO.S  kg  per  snimil 

'  l-nim  Jinuif^  In  April.  unU  ilic  >.js«  where  both  catch  jind  cfTort  datji  were  jiviiliihic  are  included 

*  Cneh  by  drive  rtibeiy  off  SagMiii  Ba>.  The  leaion  (October  id  Janiury)  is  indkaied  by  the  year  of  douire  of  seuoa. 
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gree  of  such  poaching  is  unknown;  onl}  some 
porpoise  hunting  vessels  took  seals,  and  it  is 
unknown  what  proportion  of  porpoises  and 
seals  they  took. 


Offshore  population  in  the  western 
North  Pacihc  and  Bering  Sea 

This  population  is  caught  incidentally  in 

a  salmon  gill-net  fisher\.  This  problem  has 
been  analysed  bv  Ohsumi  (1974).  The  biology 
of  the  cetaceans  killed  in  the  salmon  fishery 
was  studied  by  Mizue  and  Yoshida  (1965), 
Mizue,  Yoshida  and  Takcmura  (1966)  and 
Koga  (1969).  These  studies  showed  that  the 
incidental  catch  by  the  salmon  gUl-net  fishery 
is  mostly  of  Dall's  porpoise  (dalH-type).  Ohsu- 
mi suggested  that  the  catch  rate  changes  with 
the  area,  season,  and  the  kind  of  net.  Further- 
more, he  showed  that  the  catch  rate  of  the 
porpoise  has  not  shown  a  tendency  to  decrease 
in  the  past  10  years. 

Mizue  and  Yoshida  (1965)  say  that  the 
reported  catch  of  Dall's  porpoise  is  more  than 
1  000  animals  per  fleet,  and  that  if  the  unre- 
ported animals  were  included,  the  catch  would 
be  more  than  2  000  animals.  Based  on  this 
datum  and  some  other  data  obtained  sepa- 
rately (Mizue,  Yoshida  and  Takemura.  1 966)  the 
total  number  of  porpoises  killed  by  Japanese 
salmon  gill-nei  llshmg  lleets  (1 1  fleets  in  1964) 
were  calculated  to  be  more  than  10  000  ani- 
mals (Mizue  and  Yoshida.  1965)  or  certainly 
more  than  20  (XX)  animals  (Mizue,  Yoshida 
and  Takemura  ( 1966). 

Ohsumi  (1974)  dted  Fukuhara's  calcu- 
lation based  on  the  catch  rate  by  U.S.  research 
vessels  and  total  commercial  net  length.  This 
gives  a  figure  of  1 1  800  Dall's  porpoises  (Oh- 

sumi,  1974).  However,  there  is  a  problem  in 

this  calculation,  in  that  the  actual  length  of 
the  net  used  by  the  fishing  boats  is  not  known 
and  it  is  generally  believed  that  the  salmon 
gill-net  fishing  boats  use  more  net  than 

pmnitted  by  the  officials. 

Accordingly,  the  best  estimate  of  the 
number  of  porpoises  killed  by  the  salmon 


S'll-nel  fishery  seems  to  be  that  made  by 
[izue,  Yoshida  and  Takemura  (1966). 


Sea  of  Japan-Okhotsk  Sea  popuuvtion 

The  commercial  exploitation  of  this  pop- 
ulation in  the  southern  Okhotsk  Sea  was 
started  in  1937  (Hu-ashima  and  Ono,  1944)  and 
seems  to  have  been  continued  at  least  until 
1945  (Noguchi,  1946).  According  to  Ohsumi 
(1972.  appendix  III)  annual  catches  of  small 
cetaceans  fluctuated  between  200  and  1  800 
off  the  coast  of  Hokkaido  in  the  years  1957  to 
1966;  aAcrwards  the  catch  was  almost  negli- 
gible. Judsinp  from  the  information  from 
fishermen  at  Abashiri  on  the  northern  coast 
of  Hokkaido,  most  of  the  above  catch  is  con- 
sidered to  have  been  made  off  the  Okhotsk 
coast  and  to  have  consisted  of  Phocoenoides. 
The  fishing  season  was  from  July  to  September 
with  a  peak  in  July  and  August  (Hirashima 
and  Ono,  1944).  It  is  doubtful  whether  por- 
poises which  were  killed  incidcntallv  in  the 
salmon  gill-net  fishery  off  the  west  coast  of  the 
Kamchatka  Peninsula  (Ohstmii,  1974)  belong 
to  this  population:  however,  the  salmon 
gill-net  fishery  in  this  area  was  stopped  in  re- 
cent years. 

The  exploitation  of  this  population  in 
the  Sea  of  Japan  was  started  in  1941  off  the 
coast  of  the  Tajima  region  (Matsui  and  Uchi- 
hashi,  1943a),  and  operated  until  at  least  1945 
(Noguchi,  1946).  However,  after  1960  the 
catch  of  small  cetaceans  was  almost  negligible 
or  zero  (see  column  of  Hyogo  m  the  appendix 


Tabk  9.  AniwaJ  catch  at  small  cetacean  off  the  T^hu 


Year 

noeoenoldes 

Lagmorhynchus 

Unknowa 

t941 

30 

64 

117 

1942 

710 

59 

16 

1943 

I4S4 

75 

63 

1944 

507 

69 

60 

17 
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III  olOhsLimi.  1972).  The  catch  oi  Phocoenoi- 
des  in  Table  8  is  cited  from  Noguchi  (1946). 
Hiough  Noguchi  (1946)  suggested  a  possible 
decrease  in  the  population  of  Phocoenoidesd! 
the  Tajima  coast  relative  to  thai  of  La^enn- 
ritynchuSy  the  decrease  in  Phocuenoides  can 
more  reasonably  be  explained  by  the  difVlcully 
of  olTshorc  fishing  during  the  war  and  the  re- 
latively higher  catch  of  Lagenorhynchus,  the 
coastal  species. 


Discussion 


Among  till'  ihrcc  populatnuis  of  Pho- 
cuenoides  suggcsicd  here,  the  population  ofl' 
the  Pacific  coast  of  Japan  is  most  peculiar  in 
that  it  has  a  restricted  range,  maybe  small  and 
nia\  he  the  most  heavilv  expknted.  In  the  win- 
ter and  sprmg  seasons  about  6  000  anunals  are 
annually  harvested  from  this  population,  and 
in  the  summer  unknown  numbers  are  inci- 
denialK  killed  in  the  salmon  gill-net  fisherv. 

In  the  mature  lemales  caught  off  the 
Sanriku  coast  the  frequencies  of  the  animals 
with  I.  2.  3  and  0  corpora  in  the  ovaries  are  10. 
4.  1  and  1.  respectively.  The  average  number  of 
corpora  of  mature  females  is  only  1.8.  Even  if 
the  high  ratio  of  immature  animals  can  be 
explained  bv  the  difference  in  migration  or  in 
behaviour  related  to  the  age  or  reproductive 
conditions  of  the  animals^  such  a  low  corpora 
number  must  indicate  a  high  mortality  rate  in 
the  population.  Accordingly,  the  decline  of  the 
CPUE  in  recent  years  should  be  watched 
carefully  and  more  biological  data  should 
be  collected  to  analyse  the  status  of  this  pop- 
ulation. 

For  the  offshore  population  in  the  west- 
era  North  Pacific  and  Bering  Sea,  there  is  no 


data  to  suggest  a  decrease  in  the  population 
and  the  population  is  considered  to  be  in  better 
condition.  However,  it  is  desirable  to  establish 
a  system  for  collecting  reliable  information  on 
the  number  of  porpoises  killed  bv  the  com- 
mercial salmon  gill-net  fishing  fleet.  The  ships 
should  have  several  biologists  on  board  to  col- 
lect biological  information  on  these  porpoises 
because  information  prepared  bv  the  fisher- 
men or  by  the  inspector  is  not  highly  reliable. 

The  population  in  the  Sea  of  Japan  and 
Okhotsk  Sea  is  not  exploited  in  Japanese  coast- 
al waters  except  for  the  probable  incidental 
catch  by  small  salmon  fishing  boats  with  gill 
nets.  More  study  is  needed  to  determine  the 
identity  of  the  population  off  the  west  coast  of 
Kamchatka  Peninsula. 
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I  HE  STOCK  OF  STENELLA  COERULEOALBA  OFF  THE 
PACIFIC  COAST  OF  JAPAN 


T.  Kasuya  and  N.  Miyazaki 


AhMracI 

This  paper  prcscnu  a  detailed  study  of  the  size  and  sustainable  yield  of  the  population  ot 
striped  dolphins.  Stenella  coeruleoalba.  off  the  Pacific  coast  of  Japan  through  analysis  of 
biological  data  and  catch  statistics  •lathered  since  the  mid- 1 990s  to  the  present  (biological 
materials  from  schools  caught  in  l%7-73),  from  drive  or  hand  harpoon  fisheries  or  both,  in  a 
namber  of  prefectures  on  the  east  coast  of  Japan.  The  mean  annual  catch  of  S.  coeruleoalba  in 
the  late  fiAies  to  early  sixties  can  be  roui^hly  estimated  at  14  000  animals,  with  the  largest 
catches  occurring  in  the  prefectures  of  Shizut)ka  (l/u  Peninsula),  C'hiba  (C  hoshi)  and  Wa- 
kayama  (Taiji).  The  estimated  mean  annual  catches  in  these  prefectures  were  1 1  000.  I  500 
and  630  animals,  respectively.  Population  assessment  includes  analysis  of  the  following 
parameters:  sex  ratio,  attainment  of  sexual  maiurii\.  lentith  of  calvinc  interval,  accumulation 
rate  of  corpora,  age  composition  and  total  mortalit\  of  females  and  natural  mortality  rate. 

Although  the  accuracy  involved  is  not  completely  satisfactory,  the  study  will  allow  the 
follow  in!:  conclusions  The  popiil.iiion  ot  V  i  t>,ru/i-<uif>Hi  otY \h<:  Pacific  coast  of  J;ip;m  initially 
included  more  than  320  000  animals  and  was  decreased  m  si/e  by  exploitation  to  about 
220000-250  (KX)  animals  by  the  late  fifties  to  early  sixties.  The  present  population  si/e  is 
estimated  to  be  1 30  000- IKO  (KX).  w  hich  is  close  to  the  level  prodikini:  the  maximum  sustai- 
nable yield  of  4  000-6  000  dolphins  per  year.  I  hc  population  presently  being  exploited  is 
possibly  a  smaH  ooa^l  one  migrating  seasonally  along  eastern  Japan.  A  drive  fishery  started 
for  this  population  in  1973  at  Taiji  has  increased  the  total  catch  of  S'  <  ncmlciHilhii  in  recent 
years.  I  his  tendency  will  conunue  and  il  adequate  regulaUons  are  not  introduced  w ill  decrease 
the  size  of  the  popubtion  rapidly. 

Les  auteurs  prAsentent  des  donnto  ditaillies  sur  la  taille  et  le  rendement  soutenu  de  la 

population  de  dauphins  raves.  Stenella  (■niriil<'<ui/h,i.  au  larpo  do  la  cote  Pacifiquedu  Japon.  lis 
analysent  Ics  paramcircs  biologiqucs  cl  Ics  stalisliques  de  captures  rccucillis  dcpuis  Ic  milieu 
du  vingtiimesitelejusqu'sk  nosjouis{matMauxbiologiqucs  provenant  des  bancs  captures  en 
1967-73)  au  cours  des  pccllc^  par  rahattagc  ou  au  harp<m  a  main  ou  des  deux  operali<ins  - 
praiiqudes  dans  plusieurs  prt^fectures  de  la  cole  est  du  Japon.  Les  captures  annuelles  nioyen- 
nes  de  S.  coeruleoalba  de  la  fht  des  annto  SO  au  dibut  des  annies  tiO  peuvent  ftre  estimies 
approximativcnicnt  a  14  000  animaux.  Ics  plus  fortes  captures  sc  siiuant  dans  Ics  prefectures 
de  Shizuolia  (Peninsule  d'Izu),  de  Chiba  (Choshi)  et  de  Wakayama  (Taiji).  L'estimation  des 
captures  annuelles  dans  ces  prefectures  6tait.  respectivement  de  1 1 000, 1 900  et  630  animaux. 
L'estimation  des  populations comprcnd  I'analyse  des  pa ra metres  suivants:  rapport  dcsscxes, 
age  de  la  maturity  sexuelle,  longueur  de  TintervaUe  entre  deux  parturitions,  taux  d'accumu*  21 
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lation  des  corpora,  oomposttion  par  ftge,  iiK»talit£  lotale  des  femelks  et  taux  de  mortality 

naiurclle. 

Bien  que  Texactilude  ne  soil  pas  entiirement  satisfaisante.  I'etude  permet  de  tirer  les 
conclusions  suivanles.  l  a  population  dc  .V.  coeruleoalha  au  lartrc  dc  la  cote  Pacifiquc  du  Japon 
etait  initialcmcnt  supcncurc  a  32U  (XX)  animaux  e(  a  etc  rcduile  par  rexploitation  a  environ 
220000-250000  i  ia  fin  des  annies  SO  el  au  d^but  des  anndes  60.  La  faille  de  la  population 
actueile  est  estini^e  d  1 30  000- 1  SO  fXXI.  ce  qui  est  prochc  du  niveau  assurani  le  rendemeni 
maximal  souienu  de  4  000-6  OOU  dauphins  par  an.  La  population  aclucllemcnt  cxploitee  est 
peut-ltre  une  petite  population  oOiiire  aocomplissant  une  migration  saisonnito  le  long  du 
Japon  oriental.  I'ne  pcche  par  rabattage.  pratiquec  a  Taiji  dcpuis  1973.  a  augmente  les 
captures  toiales  de  6'.  coeruleoalba  ces  demieres  annees.  Cede  tendance  se  poursuivra  el  ellc 
aura  pour  efTet,  Tauie  des  r^emenis  approprtte,  de  rMuire  npidement  la  taille  de  la 
population. 

llxtracto 

Se  hace  un  estudio  detaliado  del  volumen  y  el  rendimienio  sosten ihic  de  la  poblaci6n  de 
delfln  rayado  (Statella  coeruteoaUia)  de  la  oosia  del  Padfko  del  Japon  partiendo  de  los  datos 
biol6gicos  y  las  estadisticas  de  capture  recogidos  desde  mediados  de  siglo  hana  la  actualidad 

en  las  pesquerias  de  esa  especie  con  arpones  mecdnicos  o  de  mano  de  varias  prefecturas  de  la 
oosta  oriental  del  Jap6n  (el  material  biol6gioo  precede  de  grupos  de  animales  capturados  cn 
1967-73).  Las  capturas  anuales  medlaa  de  S,  coeruleoalba  a  Hnalcs  de  los  aflos  cincucnia  y 
principios  de  los  sesenta  pueden  estimarse  aproximadamente  en  14  (XX)  animales  Las  cifras 
maximas  corrcspondcn  a  las  prefccturas  de  Shi/uoka  (peninsula  dc  l/u).  C  hiba  (Choshi)  y 
Walcayama  (Taiji),  oon  capturas  anuales  medias  estimadas  de  1 1  000.  I  500  y  630  animales, 
re^ectivamente.  La  evaluacion  de  la  poblacion  incluye  un  analisis  dc  los  siLHiienies  panimc- 
Iros:  proporci6n  dc  los  .sexos.  edad  de  madurcz  sexual,  licmpu  que  Iranscurrc  cntrc  dos  partos, 
mdice  de  acumulaci6n  de  cArpora,  composid6n  por  edades,  mortalidad  total  de  las  hembras  y 

mortalidad  naiural. 

Aunque  la  cxactitud  de  los  datos  no  es  plenamenle  satisfactoria.  el  estudio  permite 
llegar  a  las  siguientes  condusiones.  La  poblaci6n  de  S.  coerukoalba  de  la  costa  del  Pactfioo  del 
Japon  contaha  'nicialmente  con  m.is  dc  .^?n  (TOO  animales  v  a  finales  dc  los  afios  cincuenta  v 
pnncipius  dc  los  scscnta  habia  disminuido.  a  causa  dc  la  cxplotacion,  a  unos  220  000-250  000. 
La  poblaci6n  actual  se  calcula  en  130 (XXI'ISO  000  ddfincs,  dfra  pr6xima  al  nivel  que  permite 
el  Fendimienio  mAximo  sostenible  (4  0(X)-6  OOO  al  ano).  Es  pOSible  que  la  poblacion  que  sc 
exi^ota  actualmente  sea  una  pequena  poblacion  costera  que  emigra  estacionalmente  a  lo 
largo  de  la  oosta  oriental  del  Japdn.  La  explotacita  de  esta  poblaci6n  con  arpones  mectoioos, 
que  comenzn  en  1973  en  Taiji.  ha  hecho  aumentar  en  los  iiltimos  aflos  la  caplura  total  dc  S. 
coeruleoalba,  Esta  lendencia  proseguini  y,  si  no  sc  introduce  una  reglamentacion  adecuada, 
determinari  una  ripida  dismmuci6n  de  la  poblaci6n. 
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Introductioii 


On  the  Pacific  coast  of  Japan.  Sienella 
coeruleoalha  have  been  caught  mainlv  ofTTaiji 
(Sa^Sb'N,  135  '56'E),  olT  the  coasts  of  Izu  Pen- 
insula  (34*40'N,  14(rS0T).  The  statistics  of 
the  catch  of  this  species  at  Taiji  and  on  the 
coasts  of  I/u  Peninsula  were  analysed  by 
Miyazaki,  Kasuya  and  Nishiwaki  (1974)  and 
the  influence  of  the  Kuroshio  current  on  the 
fluctuation  in  the  catch  of  the  species  off  the 
cast  coast  of  Izu  Peninsula  was  demonstrated. 
Ohsumi  (1972)  and  Miyazaki,  Kasuya  and 
Nishiwalci  (1974)  suggested  that  the  S,  coeru- 
leoalha caught  at  the  four  localities  might  be- 
long to  one  population. 

The  life  history  and  part  of  the  schooling 
behaviour  was  studied  by  Kasuya  (1972)  based 
on  the  animals  caught  by  the  driving  method 
off  the  east  coast  of  Izu  Peninsula.  Further 
analysis  of  the  school  structure  is  now  being 
made  by  Miyazaki.  These  studies  indicated 
that  the  schools  are  not  independent  popula- 
tion units,  but  that  frequent  exchange  of 
members  occurs  between  schools.  This  means 
that  if  the  population  is  exploited  the  effect  of 
Ashing  mortality  is  distributed  to  other  sdiools 
of  the  population  and  changes  their  age  com- 
position. 

This  study  intends  to  estimate  the  size 

and  sustainable  yield  of  the  population  now 
exploited  off  the  Pacific  coast  of  Japan  based 
on  the  total  mortality  coefficient  obtained 
through  the  relationship  between  ovulation 
and  age,  on  the  length  of  the  calving  interval 
estimated  from  the  composition  of  the  catch, 
and  on  the  natural  moriahly  coetTicieni  as- 
sumed from  that  of  .SI  attenuata. 


Materials  and  method 


Biological  materials  were  obtained  by  us 
from  1,  2,  7,  6,  19  and  2  schools  of  S.  coeru- 
/e<Mi/6a  caught  in  1967, 1968, 1970,  1971,  1972 


and  1973  respectively.  ofT  the  east  coast  of  Izu 
Peninsula  or  oH  Taiji  on  the  coast  of  Kii  Pen- 
insula. Other  andnary  information  on  the 
structure  of  19  schools  provided  by  Prof.  M. 
Nishiwaki,  Dr.  S.  Ohsumi  and  Dr.  T.  Tobaya- 
ma  is  used  in  this  study.  They  were  caught  off 
the  Izu  ooairt  in  the  years  between  1952  and 
1970. 

The  age  of  the  animals  was  at  first  de- 
termined by  examination  of  the  dentinal 

trowth  layers  using  the  method  of  Kasuya, 
fiyazaki  and  Dawbin  (1974),  The  number  of 
corpora  in  the  ovaries  were  counted  by  the 
usual  method  (Kasuya,  Miyazaki  and  Dawbin, 
1974).  The  probable  corpora  atretica  were  not 
induded.  Then  the  real  age  of  mature  females 
was  calculated  using  the  accumulation  rate  of 
the  coimora. 

'nie  catch  of  5.  coentkoalba  was  esti- 
mated based  on  the  records  given  by  Ohsumi 
(1972)  and  Mivazaki.  Kasuya  and  Nishiwaki 
(1974),  and  on  inlormaiion  collected  at  Choshi 
Fish  Maiket 


Piqiulation  pnnunetcrs' 


SbX  KAIIO 

The  sex  ratio  of  S.  coeruleoalha  was 
checked  based  on  data  from  9  372  animals.  No 
significant  annual  lluctuuiion  of  the  ratio  was 
found.  Table  1  shows  the  sex  ratios  at  different 
growth  stages  expressed  as  the  ratio  of  females 
to  the  whole  population.  The  suckling  dol- 

f)hins  are  animals  less  than  172  cm  m  body 
ength,  which  correspond  approximately  to 
1  '  4  years  of  age  (Kasuya.  Miyasaki  and  Daw- 
bin. 1974).  There  are  fewer  females  than  males 
at  any  growth  stage  (ranging  from  45.7  to 
483  %). 

In  the  present  study,  the  sex  ratio  0.476 


'  Some  of  the  paiametets  were  re^limated  by  Kasuya 
(1976),  but  these  have  little  efTeet  on  the  estimates  of  the 
present  status  of  the  population  otMained  in  this  study.  23 
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TiM»  I.  Swt  itto  «f  A  wwrwiwiiw 


Stages 

No.  of 

Ratio  of 

animals 

females 

Foetus 

661 

a469 

Sucfcliog 

744 

a483 

Others 

7967 

a457 

obtained  by  combining  661  foetuses  and  744 
sucklina  calves  is  used  as  the  sex  ratio  at  birth. 
This  ratio  is  slightly  higher  than  the  corres- 
ponding value  of  5.  attenuataOASO,  calculated 

based  on  the  238  animals  in  Kasuya,  Mayasaki 
and  Dawbin  (1974)  and  unpublished  data  of 
one  additional  school  caught  m  January  1974. 


Attainment  of  sexual  maturity 

Kasuya  (1972)  showed  that  females  of  5. 

coeruleoalba  attain  sexual  maturity  at  between 
7  and  1 1  vears  with  a  mean  age  of  8.8  years.  A 
mean  age  of  9, 1  years  was  recently  obtained  by 
Miyazaiki  (1975)  based  on  more  material 
including  Kasuya's  data:  his  age  determina- 
tion of  animals  between  I  and  12  years  was. 
however,  biased  by  0.27  years  to  the  higher 
side  of  Kasuya's  reading,  so  the  difference 
between  the  two  estimates  is  not  significant. 
Accordingly,  the  age  of  9  years  is  used  in  this 
study  as  the  age  of  the  female  at  the  attainment 
of  sexual  maturity.  There  seems  to  be  no  sig- 
nificant difference  between  the  sexes  in  the  age 
at  sexual  maturity  (Kasuya,  1972;  Miyazaki, 
1975). 

At  present  there  is  no  way  of  checking 
anv  change  in  the  age  at  maturity,  which  might 
occur  as  the  population  decreases.  However,  as 
the  age  mentioned  above  is  still  higher  than 
the  corresponding  value  of  unexploited  5.  at- 
tenuata  (Kasuya,  Miyaz.aki  and  Dawbin. 
1974),  a  decrease  in  age  at  maturity  may  not 
have  oocurred  in  S.  coeruleoalba. 

Though  the  annual  fluctuation  in  body 
length  of  females  where  50  %  of  the  animals 


are  sexually  mature  was  checked  for  the  data 
collected  between  1952  and  1973.  it  shows  only 
random  fluctuation  in  the  range  from  208.7  to 
213.2  cm  and  shows  no  significant  change.  The 
mean  body  length  al  the  attainment  of  sexual 
malunly  estimated  from  the  above  2  336  fe- 
males (from  198  to  237  cm)  is  21 1.5  cm.  The 
corresponding  value  for  males  is  218.3  cm 
(Miyazaki,  1975).  In  the  same  study  he  con- 
cluded that  the  mean  weight  of  testis  at  the 
attamment  of  sexual  maturity  is  16.5  g  (1  te- 
stis). As  shown  in  Table  2.  the  ratio  of  sexually 
mature  animals  in  the  catch  of  the  drive  fishery 
has  increased  gradually  since  1952.  This  pro- 
blem is  left  for  future  analysis. 


Calving  interval 

The  mean  length  of  calving  intervals  is 
estimated  from  the  gestation  period  and  the 
ratio  of  the  number  ot  adult  temales  to  that  of 
pregnant  animate.  Though  it  is  difficult  to 
estimate  the  gestation  period  of  5".  coeruleoal- 
ba off  the  Pacific  coast  of  Japan  correctly  be- 
cause of  the  restricted  fishing  season  and  the 
between-school  peculiarity  of  the  foetal 
length,  the  figure  of  12  months  obtained  by 
Kasuya  (1972)  seems  to  be  the  present  best 
estimate.  If  the  gestation  period  is  taken  to  be  1 
year,  the  ratio  mentioned  above  is  the  mean 
length  of  the  calving  interval  in  years. 

The  mean  lengths  of  the  calving  interval 
estimated  for  each  year  are  shown  in  Table  3 
and  Fig.  1.  Though  all  the  females  with  corpus 
luteum  were  considered  to  he  pregnant,  as  the 
corpus  luteum  of  ovulation  seems  to  persist  for 
only  a  short  period  (Kasuya,  Miyazaki  and 
Dawbin,  1974)  and  the  frequency  of  unsuc- 
cessful (uulalion  is  low.  the  error  will  not  be 
large.  In  Fig.  1,  the  data  represented  by  only  1 
school  are  combined  with  the  data  of  the  next 
year  to  eliminate  the  bias  of  a  school.  These 
mean  calving  intervals  show  a  gradual  de- 
crease in  recent  years.  We  consider  that  this  is 
a  response  of  the  population  to  the  decrease  of 
die  population  level.  Though  this  phenome- 
ncm  must  be  analysed  in  relation  to  the  level  of 
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TiMel  ItaltoaraMtMpliiMlifliecaiclicrjLcMndkMdfc 

Suckling'  Juvenile  Adult*  Toal  ^ 

No.  %  No.  %  No.  %  No.  9: 


Females 


1952-57 

80 

8.7 

460 

50.1 

379 

41.2 

919 

100 

8 

IP58-67 

108 

15.8 

224 

32.« 

351 

514 

683 

inn 

s 

1968-73 

171 

7.1 

832 

34.7 

1  397 

58.2 

2  4<  )(  ) 

KM) 

39 

Total 

359 

9.0 

1516 

37.9 

2  127 

53.1 

4002 

100 

55 

Males 


1952-5"' 

74 

5.4 

748 

54.9 

54! 

39.7 

1363 

100 

8 

1958-67 

122 

19.8 

242 

39.4 

251 

40.S 

615 

100 

8 

1968-73 

189 

6.9 

1260 

46.1 

1282 

47.0 

2  731 

100 

39 

Total 

385 

8.2 

2  250 

47.8 

2074 

44.0 

4709 

100 

55 

'  t'p  to  172  cm  in  body  length. 

^  212  OB  or  more  (female*):  219  cm  «r  mow  (mak*). 


the  population,  as  the  population  level  is  not 
available,  the  relationship  between  calving 
interval  and  the  calendar  year  was  obtained  as 
a  Hrst  step.  However,  this  problem  is  dealt  with 
later.  When  the  calendar  year  is  shown  by  x 
and  the  mean  length  of  calving  interval  by  y, 
the  following  relationship  (r  »  -  0.61)  ob- 
tains 


-  0.0545S3X  +  109.829 


(I) 


In  (he  case  of  imexploited  populations  of  S. 
aiienuata,  the  calving  interval  was  estimated 
from  the  scats  in  the  ovaries  to  be  between  2 
and  6.S  years,  and  the  mean  from  the  ratio  of 
pregnant  females  to  be  4.19  years  (Kasuya, 
Miyuzaki  and  Dawbin,  1974).  These  2  sets  of 


Table  3.  Nmbcn 


rcpradneriw  stoRcs  aai  liw  nrios  to 


Year 


No.  or 
schools 


Pregnant  (P) 
No.  raiio 


P  and  L 
No.  ratio 


Lactating  (L) 
No.  ratio 


Resting 
No.  ratio 


Total 
No.  ratio 


1952 

1 

5 

043 

1 

0.16 

I 

0.16 

4 

a67 

II 

1.83 

1953 

1 

4 

1.00 

0 

0.00 

17 

4.25 

0 

aoo 

21 

5,25 

1957 

3 

61 

0.94 

4 

0.06 

124 

191 

13 

0.20 

202 

3  11 

1958 

1 

49 

0.89 

6 

Oil 

32 

0.58 

0 

0.00 

87 

1  5K 

1961 

2 

8 

0.89 

1 

0.11 

19 

2.11 

4 

0.44 

32 

3.5e^ 

1967 

1 

3 

O.W) 

2 

0.40 

41 

8.20 

9 

1.81) 

55 

1  1  (K) 

1968 

2 

85 

0.98 

2 

0.02 

101 

1.16 

26 

0.30 

214 

2.46 

1970 

7 

63 

0.93 

5 

0.07 

72 

1.06 

52 

0.77 

192 

2.82 

1971 

3 

22 

1.00 

0 

aoo 

27 

1.23 

8 

0.36 

57 

2.59 

1972 

16 

330 

0.98 

5 

0X>2 

157 

0.47 

29 

0.09 

521 

1.56 

1973 

2 

81 

0.79 

22 

0.21 

69 

a67 

8 

ao8 

180 

1.75 

  25 
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FUi,  I  Annual  lluctualion  ul  ihc  rcpruducli^ c  parame- 
ters. C'lo.scd  circles  and  thick  solid  line  indicate  the  length  of 
calving  inierval,  open  circles  and  doiied  line  length  of  bcta- 
tion,  aod  squues  and  ihin  solid  line  the  length  or  resting 
period. 


figures  obtained  independently  show  a  good 
coincidence.  If  the  mean  calving  interval  of  4.2 
^ears  is  expected  for  S.  coeruleoalba  at  the 
initial  population  level,  1 936  is  obtained  from 
formula  (1)  as  the  date  when  the  calving 
interval  began  to  shorten  in  the  population. 
This  is  not  unreasonable  because  heavy  ex- 
fdoitation  seems  to  have  started  in  the  twen- 
ties, with  the  introduction  of  motor  vessels. 

If  the  annual  change  in  the  total  lacta- 
tion period  or  that  of  the  sum  of  the  lactation 
period  and  the  period  lactating  and  simulta- 
neously pregnant,  is  estimated,  there  is  a 
relationship  y  =  -0.05534.3x  +  110.174.  r  = 
-0.69.  This  indicates  that  ihc  mean  of  the 
total  lactation  period  in  1973  is  0.98  yean  or 
46  %  of  that  in  1952.  On  the  other  hand  the 
length  of  resting  period  seems  to  have  been 


almost  unchanged  (y  =  0.0O2773x  -»-  5.787, 
r  =  -0.09).  Accordingly,  it  is  considered  that 
the  shortening  of  the  calving  interval  is  mainly 
caused  by  the  shortening  of  the  lactation  pe- 
riod. Possibly,  the  resting  period  (0.37  years  in 
1952  and  0.32  years  in  1973)  will  not  have 
much  plasticity,  because  it  is  already  close  to 
the  interval  of  the  mating  seasons,  which  arc 
recently  suspected  bv  Mivazaki  ( 1975)  to  occur 
3  times  in  a  year.  The  numbers  of  females 
lactating  and  simultaneously  pregnant  are 
scarce  and  are  stronglv  affected  by  the  school 
structure.  For  example,  in  a  school  with  many 
females  near  the  end  of  lactation,  the  ratio  of 
lactating  and  simultaneously  pregnant  females 
is  rather  hish  For  these  reasons,  the  detection 

«... 

of  annual  changes  in  the  frequency  of  occur- 
rence of  such  females  is  diflicult  at  present. 

Table  4  shows  the  relative  frequency  of 
reproductive  stages  expressed  as  the  ratio  to 
the  numbers  of  pregnant  females.  Though  the 
data  were  obtained  from  catches  from  1968  to 
1973  as  more  than  half  of  them  were  taken  in 
the  year  1972  when  the  ratio  of  pregnant  fe- 
males was  extraordinarily  high,  the  calving 
interval  in  Table  4  is  lower  than  the  value 
expected  in  Fig.  1  for  the  corresponding  years. 
As  shown  in  this  Table,  the  mean  calving 
interval  is  very  short  in  age  classes  of  12  growth 
layers  or  less.  This  might  easily  have  been  ex- 
pected because  these  age  classes  contain  many 
females  in  their  first  pregnancy.  However,  the 
length  of  total  lactation  and  of  calvmg  interval 
even  show  an  increase  between  age  classes  of 
13-16  tooth  layers  and  age  cla.sscs  of  over  17 
layers.  This  indicates  that  the  mean  calving 


Tafeic  4  ncquci 

■cy  at  KprodHCtfve 

atafcs  ahoim  by  dw  i 

ntio  to  fnp 

Tooth 
iayen 

Sample 
no. 

Pr^ant 

P  ft  L 

Lactating 
(L) 

Resting 

Tout 

<  12 
13-16 

-17  < 

187 

289 

219 

0.984 

II.K95 

0.016 
0.06.^ 
0.105 

0.410 
0.654 
0.952 

0.123 

0  164 

O.H.? 

1  5.^3 
I.HI8 
2.086 

Ti.ial 

6<)5 

0  940 

0  <m) 

0  u: 

1  Kill 
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interval  and  mean  lactation  period  increase 
with  the  age  of  the  animal.  A  similar  result  was 
also  reported  by  Kasuya,  Miyazaki  and  Daw- 
bin  (1974)  on  attenuata.  Accordingly,  if  the 
relative  abundance  of  old  adult  females  de- 
creases as  the  result  of  expioitaUon,  the  mean 
calving  interval  may  decrease.  However,  it  is 
unreasonable  to  atmbute  the  decrease  in  the 
calving  interval  accompanied  by  the  decrease 
of  the  population  entirely  to  the  above  phe- 
nomenon. Posnbly  the  larger  part  wOl  be  at- 
tributed to  the  decrease  in  the  calving  interval 
in  each  age  class. 


Accumulation  rate  of  corpora 

The  accumulation  rate  of  dentinal  layers 
is  considered  to  be  1  layer  per  annum  in  case  of 


S.  coerulenalha  and  S.  attenuata  (Kasuya. 
1972;  Kasuya,  Miyasaki  and  Dawbin,  1974). 
Fig.  2  shows  the  relationship  between  the 
number  of  corpora  lutea  and  albicantia  and 
the  age  indicated  by  the  number  of  growth 
layers  in  dentine.  The  fact  that  the  mean 
number  of  tooth  layers  corresponding  to  eadi 
number  of  corpora  does  not  show  much 
increase  in  animals  with  5  or  more  corpora 
indicates  that  the  estimation  of  age  by  count- 
ing the  tooth  layers  is  unreliable  after  the  a^e 
of  about  16  growth  layers  and  that  the  age  b 
often  underestimated.  However,  in  animals 
between  10  and  15  years  of  age,  the  relation- 
ship between  age  and  number  of  corpora  is 
almost  Hnear.  As  the  ratio  of  immature  fe- 
males is  only  12  and  4  %  of  total  females  in  age 
^oups  of  iO.5  and  1 1.3  ^ears,  respectively, 
mdicating  the  negligible  mfluenoe  of  newly 
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Age  in  tooth  layers 


Fig.  2.  -  Rclalionship  between  number  ol'ihccDrpord  in  ovaries  und  (he  number  ul  unnh  Idyersi.  Smuil  circle  indicates  one  animal, 
and  the  larger  10  animals,  dotted  line  means  number  of  tooth  layers  at  each  corpora  number,  tliin  solid  line  means  number  of  corpora 
of  mature  antmaJs  at  «ich  number  of  looth  layers.  For  thick  solid  line  see  text  cited  from  Miyazaki  ( 1975). 
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mature  females,  the  straieht-Iinc  part  of  the 
relationiihip  will  indicate  ihc  accumulation 
rate  of  the  corpora.  If  the  relationship  between 
age  (x)  and  mean  number  of  corpora  (y)  is 
calculated  bv  the  least  squares  method  for  the 
above  age  range,  the  Ibllowing  lorniula  is  ob- 
tained and  shown  by  a  thidc  solid  line  in  Fig.  2. 

y  =  0.590X  -  4.875    (2) 

Accordingly,  it  is  considered  that  the  mean 

accumulation  rate  of  the  corpora  is  0.590  per 
annum  or  that  the  mean  interval  between 
ovulations  is  1.70  years. 


Age  covtPo.siTioN  and  iotal  mortality 

or  MATURE  HtMALES 

The  mean  age  of  mature  females  corre- 
sponding to  each  number  of  corpora  was  cal- 
culated based  on  the  mean  age  at  the  attain- 


ment of  sexual  maturity.  9  years,  and  the  an- 
nual accumulation  rate  of  corpora  obtained 
above.  The  resuh  of  the  calculation  is  shown  in 
Table  5  and  Fig,  3.  The  age  thus  calculated 
does  not  give  the  mean  age  of  the  animals  with 
a  certain  number  of  corpora  but  the  mean  age 
on  the  occurrence  of  a  certain  number  of  ovu- 
lations.  However,  this  problem  is  not  impor- 
tant in  this  study,  because  it  does  not  change 
the  total  mortahty  rate  calculated  from  it.  On 
the  age  composition  in  Fig.  3  the  highest  fre- 
quency  is  observed  at  4  ovulations  or  at  the  age 
of  14.1  years.  If  the  total  mortahty  coefficient 
(z)  is  calculated  by  the  least  squares  method 
for  all  the  age  dasses  above  this  point, 
Z  "  0.1365  is  obtained. 

For  comparisjon.  if  the  total  mortality 
coefficient  is  calculated  from  the  right  slope  of 
the  age  composition  based  on  the  tooth  layers, 
the  values  0.248  and  0.267  are  obtained  for 
males  and  females  respectively  (thin  straight 
line  in  Figs.  4  and  5).  These  values  are  extreme- 


TaUe  5.  Ay  coiniiwiitoii  off  mrtwe  fcrolt  of  A 


Age  1968  1970  1971  1972  1973  Total 

corpora  ^ 


1 

9.0 

13 

14 

2 

10.7 

18 

7 

3 

12.4 

10 

9 

4 

14  1 

IS 

13 

S 

13 

14 

6 

17.5 

9 

11 

7 

19.2 

10 

8 

8 

20.9 

S 

S 

9 

22.6 

4  • 

5 

10 

24.3 

5 

4 

11 

2 

2 

12 

27.6 

7 

2 

13 

4 

I 

14 

31,0 

3 

15 

32.7 

1 

3 

16 

34.4 

I 

2 

17 

36.1 

18 

37.8 

1 

1 

19 

39.5 

20 

41.2 

21 

42'* 

22 

446 

I 

23 

46  3 

24 

48.0 

25 

49.7 

1 

6 

42 

23 

98 

7 

54 

12 

98 

5 

49 

21 

94 

3 

61 

12 

104 

1 

38 

12 

78 

5 

41 

8 

74 

2 

28 

5 

S3 

I 

16 

5 

32 

1 

7 

4 

21 

I 

11 

6 

27 

2 

9 

2 

17 

8 

7 

24 

I 

3 

3 

12 

8 

1 

12 

4 

1 

9 

I 

2 

6 

2 

2 

1 

5 

1 

1 

4 

1 

1 

1 

2 

1 
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Fui.  3  Auc  (.oinposiiiiii)  111  m.nurc  I'cmalcs.  Age  v.  as  cal- 
culated from  corpiira  number  and  accuniulalion  rale  oi  cor- 
pora. Numcruls  imlicate  the  year,  aod  closed  dide  the  total. 
For  solid  line  sec  text 


ly  high  and  considered  to  be  unreasonable 
as  in  the  case  of  S.  anenuata  (Kasuya,  Miya- 
zaki  and  Dawbin,  1974). 


Fl<;.  4,  A^e  compoMUon  (i|  iiiak'  dolphinN  hu^cd  on  ihc 
gri'wih  l.iVLTN  Ml  ilciilinc  ( 1  lavtr  \carl.  NunicraN  indicalc  ihc 
year,  closed  eirele  the  total,  an  J  the  thick  line  the  total  mor- 
taliis  eoel'fieient  7  =  0. 1 36S  applied  for  the  age  nuife  of  solid 
line^  For  a  thin  straight  bne  see  text 


Natural  mortality 

There  is  no  direct  way  of  estimating  the 
natural  numalily  of  5'.  coeruleoalba.  It  is,  in 
this  study,  derived  from  the  corresponding 
value  of  S,  attenuata  at  the  initial  population 
level. 

The  mean  naturat  mortality  coefficient 

of  sexually  mature  females  of  S.  attenuata  is 
0.077  (Kasuya,  Miyazaki  and  Da  whin,  1974) 
or  0.079  (Kasuya,  1976).  However,  the  age  of 
the  oldest  female  of  S.  attenuata  estimated 
from  the  number  of  ovulations  is  about  5  years 
younger  than  the  corresponding  figure  of  S. 
coeruleoalba,  in  spite  ol  a  lower  ovulation  rate 
in  5.  attenuata.  So  we  suspect  that  the  lifetime 
of  S.  coeruleoalba  is  about  10  ^  longer  than 
thai  of  S  attenuata.  and  that  the  former  spe- 
cies has  a  lower  natural  mortality  rate.  Accord- 
ingly, if  the  estimation  of  the  natural  mortals 
ity  coefficient  0.079  is  correct  for  the  adult 
females  of  &  attenuata,  the  corresponding  fig- 
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ure  of  S.  coeruleoalba  seems  to  be  about  0.07. 
However,  the  2  hypothetical  natural  mortality 
coefficients  of  adult  females,  0.07  and  0.08.  are 
used  in  the  present  study. 

As  shown  in  Figs.  4  and  5,  large  annual 
fluctuations  of  the  age  composition  of  imma- 
ture dolphins  are  observed;  furthermore,  there 
are  2  low  frequency  age  classes  seen  in  the  total 
age  composition,  one  at  6  or  7  years  of  age  and 


the  other  at  0  to  2  years.  They  seem  to  be 
caused  by  the  between-school  difference  of  the 
age  composition,  segregation  of  dolphins  at 
premature  age  class,  and  by  the  higher  loss  rate 
of  juvenile  calves  during  the  driving  (Kasuya, 
1972).  The.se  phenomena  make  it  difficult  to 
estimate  the  mortality  rate  of  immature  ani- 
mals. 

In  the  present  study  the  natural  mortal- 


FiCi.  6.  -  .Some 
dolphins  ;irc  separated 
with  a  net  from  a 
school  of  striped 
dolphins  kept  in 
Kawana  harbour,  and 
are  ^oin^:  to  be  landed. 

Two  high  speed 
scouting  boats  are  seen 
at  the  centre  beyond 
the  net.  November 
1973. 
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Fio.  7.  -  A  dead 
striped  dolphin  on  the 
landing  platform  of 
Kawana  Fishermen's 
C'ot>perativc  Union. 
November  1973. 
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ity  of  the  immature  animals  is  estimated  as 
follows. 

When  A  *  number  of  immature  females 
B  =  number  of  mature  females 
C  =  mean  calv  ing  interval  in  yean 
L  =  mean  litter  size 
1,  —  number  of  females  at  the  age  of 
X  vcars 

m  =  age  of  the  female  at  the  attain- 
ment of  sexual  maturity 

s  »  ratio  of  females  at  birth 

jU|  ■  mean  natural  mortality  coeffi- 
cient of  immature  female 

fh  mean  natural  mortality  coeffi- 
cient of  mature  female 

f  «  fishing  mortality  coefficient 


the  following  relations  occur  in  a  population  at 
equilibrium: 

A  =  Ic  Jo"  c  -*'-**  dx  =         (e       - 1 J  (3) 

/ii  +  f 

B  =  I.X.-e-«^*'><— 'dx  -'"■^'^  ^"^^ 

Io=b  '-J!:    (5) 

If    C  -  4.2,    L  =  1.    m  =  9,    s  =  0.476, 
«  0.07  or  0.08,  and  f  =  0,  formulae  (4)  and 
(5)  give  the  following  estimates  for  fit. 

Ht  =  0,05354,  when  /i,  =  0.07 
fi,  -  0.03870,  when  /x;  =  0.08 


Catch  of  S.  coerulloalba 

As  the  mortality  of  animals  bom  before 
1959  is  dealt  with  in  the  present  studv.  it  is 
necessary  to  use  the  mean  annual  catch  of  the 
species  in  the  corresponding  years.  However^ 
as  the  statistics  of  pre-1956  catches  are  not 
available  in  most  cases,  it  was  estimated  firom 


the  catch  of  the  recent  years. 

Considering  the  catch  of  dolphins  in 
each  prefecture  shown  in  the  Appendix  III  of 
Ohsumi  (1972),  it  is  presumed  that  the  pre- 
fectures where  significant  numbers  of  S.  coe- 
ruleaaUut  might  have  been  caught  are  Fuku- 
shima,  ffbardd,  Chiba,  Shizuoka  and  Wa- 
kayama. 

In  Wakayama  prefecture  the  catch  was 
small  before  1956  and  increased  in  recent 
years.  The  catch  of  dolphins  in  this  prefecture 
is  almost  entirely  landed  at  Taiji  and  is  com- 
posed of  Steno,  Tursiops,  S.  afteniiata  and  S. 
coeruleoalba.  The  catch  statistics  of  Sienella 
spp.  are  reported  by  Miyazaki,  Kasuya  and 
Nishiwaki  (1974),  and  it  is  considered  that 
most  of  the  catch  of  Stenella  is  represented  by 
5,  coeruleoalba.  I  he  mean  number  of  S.  coe- 
ruleoalba caught  in  the  years  when  the  catch 
was  stable  (from  1963  to  1970)  is  630  animals 
per  year. 

All  animals  taken  in  Shizuoka  prefecture 
in  Ohsumi  (1972)  are  considered  to  have  been 
caught  on  the  coast  Of  Izu  Peninsula  by  the 
driving  method  The  annual  catch  of  dolphins 
in  Shizuoka  prefecture  has  been  reduced  since 
1967.  This  coincides  with  the  year  when  the 
cooperative  operation  was  started  by  2  fisher- 
men's cooperative  unions  on  the  cast  coast  of 
the  peninsula.  The  number  of  S.  coeruleoalba 
caught  on  the  Izu  coast  ( M  iyazaki,  Kasuya  and 
Nishiwaki,  1974)  and  the  number  of  dolphins 
caught  in  Shizuoka  prefecture  (Ohsumi.  1972) 
show  fairly  good  concidence.  Furthermore,  as 
it  was  confirmed  by  Tobayama  ( 1969)  that  the 
catch  of  dolphins  off  the  Izu  coast  is  mostly  S. 
coeruleoalba  and  that  other  species  arc  neeli- 
gible  (3.3  %  from  1963  to  1968),  all  the  catch  in 
Shizuoka  prefecture  was  considered  in  this 
studv  to  he  S.  coeruleoalba.  The  mean  annual 
catch  thus  calculated  from  the  statistics  in 
Ohsumi  (1972)  is  about  1 1  000  for  the  years 
fit>m  1957  to  1966. 

According  to  the  old  annual  statistics 
provided  by  Dr.  S.  Ohsumi.  the  annual  catch 
of  dolphins  in  the  12yearsfrom  1942  to  1953  at 
Arari  and  Kawana  on  the  Izu  coast  has  been  as 
follows: 
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Range        Totai  Mean 

Aran  277-20131  88  730  7  394 
Kawana   0^  5  311     24032     2  003 


Even  if  the  catch  at  the  other  6  villages  that 
were  whaling  in  that  period  on  the  Izu  coast  is 
included,  the  mean  annual  catch  in  Shizuoka 
prefecture  would  not  have  exceeded  12  000 
animals  as  their  operation  was  less  intensive 
(Dr.  S.  Ohsumi,  pers.  comm.).  This  indicates 
that,  admitting  a  large  annual  fluctuation,  the 
mean  annual  catch  was  almost  stable  in  the 
years  from  1942  to  1966. 

In  Chiba  prefecture  the  catch  of  dol- 
phins was  high  in  the  years  from  1957  to  1964 
(Ohsumi,  1972)  and  the  mean  annual  catch 
was  I  900  dolphhis.  According  to  our  infor- 
mation obtained  at  Choshi  Fish  Market,  where 
most  of  the  dolphins  are  landed  in  this  pre- 
fecture, the  dolphms  were  mainly  caught  with 
hand  harpocms  and  S.  coeruleoalba  is  flie  pre- 
ferred catch  of  fishermen  in  the  months  from 
October  to  Januarv.  hut  in  I  cbruarv  to  April 
smaller  numbers  of  Lugenorhynchus  and  Lis- 
sodelphis  are  landed.  Though  we  have  not  ver- 
ified this  information,  it  is  reasonable  to  think 
that  most  of  the  dolphin  catch  is  composed  of 
S.  coeruleoalba  becau.se  this  species  is  sold  at  a 
higher  price.  In  this  study  it  was  tentatively 
guessed  that  80  ^  of  the  catch  in  Chiba  pre- 
fecture, 1  500  dolphins  per  year,  represents  S. 
coeruleoalba. 

The  annual  catch  of  dolphins  in  the  2 
prefectures  of  Ibaraki  and  l  ukushima  in  the 
years  from  1957  to  1964  lluctuaied  between 
132  and  1  805  with  an  average  of 880  dolphins, 
and  after  1965  the  catch  was  almost  negligible. 
The  ratio  of  5.  coeruleoalba  in  the  catch  of  the 
former  period  seems  to  be  low  because  they 
were  located  in  the  north  and  some  Phoeoe- 
ifo&fes  caught  id  tt,c  winter  season  may  have 
been  included  In  the  present  studv  a  total 
catch  of  1  000  was  presumed  for  the  catch  of  S. 
coendeoaUta  in  Fukushima  and  Ibaraki  pre- 
fectures and  for  the  unreported  catdh  in  the 
various  parts  of  the  Pacific  coast  of  Japan. 


V«V 


hUi  X,  ("akh  (if  .V  nxrulfiHilhn  oil  the  {'.iciftc  co.isl  of 
Japan.  I  iniiicate>.  tola!.  2  Shi/ui>ka  (i/ii  coasO.  3  laiji.  4 
Chiba.  and  ?  olhcr  calch.  The  ailch  ai  Taija  and  thai  in  lotal 
Japan  in  1973  was  recently  corrected  as  I  (KK)  and  8  200  dolp- 
lli0SRipeclivdy(Kasuya'l976).  and  the  catch  in  l974atTaiji 
and  bu  ooasi  was  763  and  11  7IS  dolphiiu  respectively. 


From  the  above,  a  rough  estimate  of  die 
mean  annual  catch  of  S.  coeruleoalba  in  the 

late  fifties  to  early  sixties  off  the  Paciliccoast 
of  Japan  is  obtained  as  follows: 


Shizuola  pref  (Izu  Pen.)  1 1  000 

Chiba  pref.  (Choshi)  1  500 

Wakayama  prdf.  (Taiji)  630 

Other  catches  I  000 


Total  catch  14000 


The  catch  statistics  for  S.  coeruleoalba 
after  1960  are  estimated  as  shown  in  Fig.  6, 
based  on  Ohsumi  (1972),  Miyazaki,  Kasuya 
and  Nishiwaki  (1974)  and  our  unpublished 
data. 
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Population  analysis 

Population  size  in  late  fifties 

TO  EARLY  SIXTIES 

In  drive  fishing  for  dolphin  no  selection 

of  the  animals  is  expected.  In  harpoon  fishing, 
there  can  be  a  difference  in  the  catchability  of 
dolphins  according  to  growth  stage,  sex,  or  the 
reproductive  condition  of  the  female,  because 
only  the  animals  which  come  to  the  bow  of  a 
boat  arc  usually  haq^ooned,  and  lactating  fe- 
males accompanied  by  a  suckling  calf  seem  to 
be  less  attracted  by  a  boat.  However,  as  the 
catch  has  mostly  been  effected  by  the  driving 
method,  the  difference  in  the  catchability  of  S. 
coeruleualba  is  negligible. 

If  the  mean  annual  catch  of  S.  coeru- 
leoalba  in  the  period  between  the  late  fifties 
and  carlv  sixties  (14  000  animals)  is  divided  by 
the  annual  tlshing  mortality  rate,  the  estima- 
tion of  the  mean  population  size  S.  coeru- 
leoaiha  in  the  corresponding  period  isobtained 
as  218  000  or  255  000  (Table  6). 


Recent  status  of  the  population 

If  the  annual  recruitment  and  the  catch 
are  added  to  the  above  population  estimate, 
the  annual  fluctuation  of  the  population  can 
be  roughly  traced. 


T«Mc  6. 


EaUmalcs  of  popiilalioii  of  & 
Pidfle  coMt  «r  JapM  In  tiic  lile 


off  llie 
IMHct  to  Milj' 


Tola!  morialily  toelTicieni 

0.1363 

0.1365 

Natural  mortality  ooemcient. 
adult  female 

Off? 

0.0S 

nshing  mortality  coeflicieiit 

O.OMS 

0.QS6S 

Fishing  mortality  rale 

0.0643 

0.0S49 

Mean  annual  caich 

14000 

14000 

Population 

218000 

255  000 

As  mentioned  in  the  former  section, 
equations  (4)  and  (5)  must  obtain  in  an  ex- 
ploited population  at  equiUbriimi.  The  next 
relation  is  obtained  from  (4)  and  (S). 


1« 


sL  l.-e-*'**" 


(6) 


As  the  parameters  s,  C,  /i,  and  /i,  were  already 
estimated,  and  the  litter  size  (L)  is  considered 
to  be  1.0,  the  value  <^  f  or  the  sustainable 
fishing  mortality  coefficient  is  obtained  for 
each  year.  Though  it  is  mathematically  incor- 
rect to  assume  a  stationary  condition  for  this 
population,  if  the  f  obtaineid  above  is  used,  the 
population  at  the  beginning  of  a  year  is  calcu- 
lated by  the  following  method,  assuming  that 
the  catch  is  made  al  the  end  ol  a  year. 


S..,-S.(1-I-RJ-F. 

R.«l-e'n   


(7) 

(8) 


S„  indicates  the  population  si/e  of  both  sexes  in 
the  year  n,  F„  total  catch,  and  R„  sustainable 
fishing  mortality  rate  or  net  recruitment  rate  in 


Year 

l  ici.  9.  \ruui,ii  fluLiuaiion  ol  ihc  population  (.S„)  and 
annual  net  recruitment  (S,  ■  R,)  of  S.  coemleoalba  off  the 
Pacific  coast  of  Japan.  Dotted  line  is  based  on  the  asnun]Mlon 
of    -  0X)7.  and  solid  line  |ii  -  a08. 
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the  same  year.  From  this  calculation  it  is  sug- 
gested that  the  population  decreased  rapidly 
after  1960  except  for  the  years  from  1968  lo 
1972  (Fig.  7).  The  population  level  at  the  be- 
ginning of  1974  was  about  120  000  (/ii  -  0.07) 
or  18600001, »  0.08). 


Maximum  sustainable  yield 

A  linear  relationship  is  found,  as  shown 
in  Fig.  8,  between  the  net  recruitment  rate  (R. 
in  %)  and  stock  size  (S„)  in  thousands  men- 
tioned  above.  The  relationships  are 

R  =  -0.01601S+ 5.145,  when  ^  -  0.07  (9) 

or 

R  =  -0.02077S+7.068,whenMi»0.08  (10) 

Then  the  sustainable  yield  is  given  by 
R  •  S,  as  shown  in  Fig.  8.  When  the  natural 
mortality  coefficient  of  adult  females  (/u^)  is 

assumed  tt>  be  0.07.  the  maximum  sustainable 
yield  of  4  KXJ  dolphins  is  obtained  at  the  pop- 
ulation level   of  161  000,  which   is  about 


T  I  1     I     I     I     I     I     I  1  1  1  r—r—r 


Po(3ul«tion  in  thousands 


Fig.  10.  -  Rclutionsliip  hciwccn  pupuluiion  size  and  net 
recruitment  rate  (R  in  %.  siraighl  lines),  and  sustainable  yield 

in  thousands  (curves).  Open  circle  and  dotted  line  indicate  the 

as.sumptit>n  -  0.07.  i  lnscii  circle  and  soIkI  line  n  =  0  ()S. 
arrows  the  level  of  population  producing  the  ma  Milium  nus- 
lainable  yield  and  that  in  1974. 


32  OCX)  above  the  level  in  1974.  The  sustainable 
fishing  rate  (R)  and  sustainable  yield  at  1974 
level  are  3.09  %  and  3  980,  respectively.  On  the 
other  hand,  iffh^  0.08  is  assumed,  the  popu- 
lation level  producing  the  maximum  vield  of 
6  000  animals  is  1 70  000.  which  is  about  1 6  000 
below  the  population  level  in  1974.  The  sus- 
tainable fishing  rate  and  sustainable  yield  in 
1974  are  3,21  %  and  5960,  respectively. 
Though  these  figures  show  minor  differences 
with  the  annual  sustainable  yield  (S,  -  R J 
shown  in  Fig.  7,  it  is  caused  by  the  process  of 
converting  the  net  recruitment-year  relation- 
ship into  net  recruitment-population  relation- 
ship. 

The  initial  population  level  <^  the  suxk 
is  estimated  from  the  relationships  (9)  or  (10), 
with  insufficient  accuracy,  as  the  point  with  no 
net  recruitment.  They  are  321  000  (/xj  =  0.07) 
or  340000  (|u,  -  0.08).  However,  there  is  no 
certain  reason  to  expect  that  the  linear  rela- 
tionships of  (9)  or  ( 10)  can  be  extended  to  the 
initial  population  level.  It  is  also  probable  that 
the  gradient  change  is  smaller  at  a  higher  pop- 
ulation  level  or  that  there  is  a  time  lag  be- 
tween the  chanjjc  in  the  recruitment  rate  and 
the  decrease  of  the  population.  If  such  a  case 
occurs,  the  initial  population  level  calculated 
above  indicates  only  a  niininuim  estimation, 
and  the  population  level  expressed  in  Fig.  9 
can  be  larger  than  the  real  value. 


Calving  intlrval  - 
population  level  relationship 

The  relationship  between  the  mean 
calving  interval  and  the  population  level 
^own  by  the  ratto  to  the  initial  population 
obtained  above  is  shown  in  Fig.  9.  The  in  for 
mation  on  the  calving  interval  in  (he  1952-53 
seasons  was  not  plotted,  because  the  popula- 
tion level  was  not  available.  The  population 
level  in  the  1957  58  seasons  was  extrapolated 
from  that  in  1960.  based  on  the  catch  statistics 
reported  by  Ohsumi  (1972)  and  the  method 
used  here.  The  relationship  calculated  by  the 
least  squares  method  is 
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C  =  2.508P  +  1.168,  =  0.07  (11) 
C  -  2.945P  +  0.620,  /j,  -  0.08  (12) 

when  C  indicates  the  cahring  interval,  and  P 

population  level. 

Though  the  accuracy  of  this  method  is 
poor  because  of  the  inaccuracy  ol  the  estimate 
of  die  initial  population  and  the  scardty  of  the 
data,  the  calving  interval  at  the  population 
level  of  1974  is  about  2.2  years  as  indicated  in 
the  former  section.  And.  if  the  lines  are  ex- 
tended, the  interval  seems  to  diange  from 
above  3.5  years  at  the  initial  stage  to  about  1 
year  at  extremely  low  population  levels.  How- 
ever, it  is  dubious  to  expect  that  the  interval 
could  decrease  to  1  year,  at  which  point  all 
females  must  be  conceiving  just  after  the  par- 
turition. 


Discussion 


The  maximum  age  of  females  derived 
from  the  present  data,  admitting  the  maccu- 
racy  caused  by  the  individual  variation  of  the 
ovulation  rate,  is  about  50  years.  While  (his 
may  seem  too  high  a  flgure  given  our  present 
understanding  of  small  odontocetes,  it  is  not 


high  when  compared  with  the  age  reached  by 
Tursiops  (KsLSuyd,  1976).  In  lurstops,  which  in 
Japanese  coastal  waters  has  larger  teeth  and 
thicker  layers,  it  usually  becomes  difficult  to 
count  the  dentmal  growth  layers  at  ages  be- 
tween IS  and  20  layers.  However,  on  an  old 
animal  with  exceptionally  clear  layers,  35 
layers  were  observed  in  the  dentine,  as  was 
space  in  the  pulp  cavity  for  the  accumulation 
of  10  or  more  layers.  This  observation  might 
suggest  that  the  lifetime  of  dolphins  is  longer 
than  that  expected  from  the  tooth  layers. 

Though  the  2  sets  of  natural  mortality 
coefficients  are  osed  in  the  present  study,  we 
are  inclined  to  think  that  the  lower  natural 
mortality  of  adult  females  /<:  =  0  ()7  might  be 
closer  to  the  U'uth  for  2  reasons.  One  is  the 
comparison  of  2  kinds  of  Stenella  mentioned 
above.  The  otberis  the  speed  of  the  decrease  of 
the  population.  The  catch  statistics  at  Aran 
and  Kawana  suggest  that  the  mean  annual 
catch  of  S.  coeruleoaUM  in  the  period  between 
1942  and  1953  was  at  least  10  000  dolphins. 
This  indicates  a  probable  decrease  of  the  pop- 
ulation at  a  rate  of  more  than  6  000  per 
annum,  or  more  than  106  000  in  the  18  years 
from  1942  to  1959.  Even  if  it  is  assumed  that 
the  population  in  the  1942  season  was  close  to 
the  initial  level,  the  estimated  population 
based  on  the  higher  mortality  of  the  adult  fe- 
male allows  the  decrease  of  onlv  85  000  in  the 
18  years.  On  the  other  hand,  the  lower  mor- 
tality gives  a  more  reasonable  figure  of 
103  000.  The  resolution  of  this  problem  must 
be  left  for  the  future  because  the  estimates  of 
the  natural  mortality  coelTicient  and  of  the 
catch  statistics  are  still  too  imoertain. 

Another  uncertainty  in  the  present  pop- 
ulation analysis  is  related  to  the  estimation  of 
the  calving  intervals  at  the  initial  population 
level.  If  the  mterval  is  shorter  than  4.2  years 
assumed  based  on  the  knowledge  of  S"  iiite- 
nuata,  it  gives  a  higher  mortaiitv  rate  at  (he 
immature  stage  and  a  consequently  lower  re- 
cruitment rate  and  a  more  rapid  decrease  in 
(he  population.  For  example,  if  the  calving 
interval  at  initial  population  level  is  assumed 
to  be  3.75  years  as  suggested  in  Fig.  9,  the  value  35 
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of  j«,  is  0.06613  ifu  =  0.01)  or  0.05129 
(jti  —  0.08)  and  the  net  recruitment  rate  in 
1973  is  2.52  %  or  2.69  %  respectively.  These 
values  are  about  82  %  of  the  rate  estimated  in 
the  former  section  based  on  the  4.2-year  calv- 
ing interval  at  the  initial  level. 

Though  Miyazaki,  Kasuya  and  Nishi- 
waki  (1974)  analysed  the  fishing  effort  and 
catch  of  the  dolphin  off  the  east  coast  of  Izu 
Peninsula,  no  indication  was  found  of  a  de- 
dine  in  the  catdi  per  unit  effort  This  might 
be  because  their  analyses  were  made  for  the 
period  from  1965  to  1973  seasons,  when  the 
population  was  almost  stable  or  the  decrease 
was  slow. 

However,  if  the  change  in  fishing  area 
and  the  efficiency  of  fishing  vessels  are  consi- 
dered, the  picture  is  slightly  different.  The  vil- 
lages on  both  sides  of  ku  Peninsula  have  been 
responsible  for  most  of  the  calcfa  of  5".  coeru- 
leoalba  in  Japan  except  for  in  a  few  recent 
seasons.  In  1897  this  fishing  was  already  com- 
mon in  several  villages  on  the  peninsula  (see 
Kasuva.  1972).  In  those  days  as  they  operated 
the  driving  for  La^cnorhvnchus.  (Habit ep/ui/a 
and  S.  coeruleualba  with  rowing  or  sailing 
boats,  the  operation  must  have  been  restricted 
to  the  coastal  waters  and  the  catch  of  pelagic  S. 
(ocruleoalba  must  have  been  smaller  than  the 
present.  According  to  the  information  of  Mr. 
Suda,  Director  of  the  Kawana  Fishermen's 
Cooperative  Union,  which  is  one  of  2  dolphin 
fishing  groups  operative  on  the  Izu  coast  in 
recent  years,  before  the  introduction  of  motor 
vessels  they  fished  within  several  nautical 
miles  of  the  coast,  and  after  the  introduction  of 
motor  vessels  in  the  twenties,  the  fishing 
ground  expanded  to  the  entrance  of  Sagami 
Bay  (about  20  nautical  miles  from  the  port). 
However,  thev  started  to  use  several  high-spe- 
ed scouting  boats  in  1962,  when  the  last  dol- 
diin  fbhing  group  on  the  west  coast  of  Izu 
Peninsula  ceased  operations  (Miyazaki,  Ka- 
suya and  Nishiwaki,  1974),  and  in  recent  vears 
driving  has  been  done  from  as  far  out  as  about 
SO  nautical  miles.  This  infoimation  suggests 
that  the  level  of  the  past  catdi  has  only  been 
maintained  through  the  improvement  of  fish- 


ing vessels  and   the  expansion  of  fishing  j 
ground.  Several  dolphin  fishing  groups  did  not  , 
adopt  sudi  a  change,  which  may  have  been  the 
reason  for  their  ceasing  to  operate. 

Though  the  fishermen  do  not  deny  the 
possibility  of  a  decrease  in  the  population,  they 
also  think  that  the  decrease  in  the  migration  of 
the  dolphin  into  Sagami  Bay  is  the  result  of  the 
increase  of  vessel  traffic  to  and  from  Tokyo 
Bay  cruising  across  the  entrance  of  Sagami 
Bay.  Even  u  this  might  have  some  effect  on 
migration,  it  cannot  be  a  perfect  explanation 
because  often  there  are  still  some  schools  of 
Grampus,  Tursiops,  Lagenurhyncfius  and  .S. 
coeruleoaUHi  found  in  Sagami  Bay  and  the 
striped  dolphin  sometimes  even  rides  on  the 
bow  wave  of  a  boat.  Furthermore,  the  effects 
of  increased  vessel  traffic  cannot  explain  the 
cessation  of  the  fishing  on  the  other  side  (west 
coast)  of  the  Izu  Peninsula. 

Though  the  accuracy  is  unsatisfactory, 
the  above  considerations  may  lead  to  the  fol- 
lowing conclusions.  The  population  of  S.  coe' 
mleoalbo  off  the  Pacific  coast  of  Japan  was 
initiallv  more  than  320  000  (Table  7).  It  was 
reduced  by  exploitation  to  the  level  ol  about 
220  000-250000,  by  the  late  fifties  to  early 
sixties  Ihc  present  status  is  estimated  to  be 
1 3U  OCX  I- USU  UOO.  which  is  close  to  the  level 
producing  the  maximum  sustainable  yield  of 
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4  000-6  000  dolphins  per  annum.  Possibly  this 
population  is  a  small  coastal  populaticm  mi- 
grating seasonally  along  tilie  Pacific  coast  of 
Japan  A  drive  fishery  on  this  population 
started  in  1973  at  Taiji  on  the  coast  of  Kii 
Peninsula  (Miyazaki,  Kasuya  and  Nishiwaki, 
1974)  has  increased  the  total  catch  of  this  dol- 
phin in  recent  years  (Fig.  6).  This  tendency  will 
continue  and  will,  if  no  adequate  regulations 
are  introduced*  decrease  the  pi^pulation  ra- 
pidly. 
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Several  species  i)f  smaller  cetaceans  are  caufht  in  drive  <ir  hand  harpcnm  fisheries  i>r 
bulh  in  lucal  duiricts  of  Japan  tor  human  consumption,  mcludmg  the  striped  dolphm,  Sienella 
eoerukoa&tt;  Tm^  porpoise,  PkoeeeiM^des  datU  imei:  Dalls  poqMiise,  P.  dalh  white- 
spotted  dolphin.  S  atienuaia:  Gill's  hottlenosed  dolphin,  Tuniops  iruncatus  <iilli;  Risso's 
dolphin,  Grampus  griseus;  false  killer  whale,  Pseudorca  crassidens,  and  while-sided  dolphin, 
Lagenorhynchus  oMiquiekns.  The  annual  calch  of  all  smaller  cetaceans  in  Japan  is  from  10  000 
to  20  000  animals,  this  figure  dec reasingsUghtly  in  iccentyeais  due  to  a  lessened  preference 
for  dolphin  meat  among  the  people. 

S.  CoeruUnaOia  is  the  species  taken  most  often  (one-half  to  one4hiid  of  the  total  calchX 
being  captured  off  the  southern  coast  of  the  island  of  Honshu  in  the  Koshinsei  or  Japan 
current  district  and  then  also  the  Nanki  area  as  it  migrates  south  from  September  to  February; 
schools  then  travel  back  north  up  the  coast  from  May  to  June  and  return  out  to  sea  with  the 
Kuroshio  Current  to  unknown  summer  areas.  Catch  statistics  are  presented  for  the  fishcri,  on 
the  cast  coast  of  the  Izu  Peninsula  (Koshinsei  district)  for  a  recent  10-year  period  (highest 
annual  catch.  9  149.  1965/66:  lowest  annual  caich,  3  130,  1969/70:  catch  for  most  recent  year 
reported.  6  799.  1973/74).  Life  histoiy  data  for  S.  caemkoalha  are  given  including  a)mpt>si- 
tion  of  migrating  schools,  development  of  young  and  information  about  reproduction.  The 
present  population  size  of  S.  coeruleoalba  otT  the  Pacific  coast  of  Japan  is  very  difficult  to 
estimate  from  the  available  data;  the  sizes  of  the  annual  catch  have  been  similar  for  about  30 
years,  however,  indicating  that  the  stock  may  be  slaUe  and  able  to  stand  present  exploitatiaii 
levels. 


Risumi 

Plusieurs  petitcs  espcces  dc  enlaces  sont  captur^c&  pour  la  consommation  humaine,  ^  des 
fins  alimentaires,  soit  par  rabattage.  soit  au  harpon  i  main  -  soit  par  les  deux  mAhodes  - 
dans  certaines  pccheries  japonaises  locales  II  s'agit  du  dauphin  rave.  Sienclla  rocmk-oalha.  du 
marsouin  de  True,  Phocoenoides  dalli  truei,  du  marsouin  de  Dall,  P.  dalli  dalh,  du  dauphm  ^ 
lAches  bfainches,  5.  attemutta.  du  souffleur  de  Oill,  Tknb^  truneatus  gllli,  du  dauphin  de 
Risso,  Grampus  griseus,  du  faux  dpaulard,  Pseudorca  crassidens  ct  du  dauphin  h  flanc  blanc, 
Lagenorhynchus  obhqmdens.  Au  total,  les  prises  annuelles  japonaises  se  sont  situ^  k 
10000-20 000 cxemplaires.  Le  diifHre  a  l^^tement  diminui  ces  demiires  anntes  parce  que  la 
chair  du  dauphin  est  moins  apprdci^  aujourdliui. 

S.  coentteoalba  est  I'esptee  dominante  dans  les  captures  (entre  le  tiers  et  la  moitii);  eUe 
est  captiute  au  laigc  de  la  cOte  sud  de  llle  de  Honsha  dans  k  district  de  KoshliMiel,  on  du 
oouranijaponais,ahisiqDedaiis]ari^ondeNanU,quamldteaooomplitiiiieinignitionvefs  39 
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Ic  sud  entre  septcmbrc  et  fdvrier.  Les  bancs  remonlcnt  cnsuitc  la  ditc  vers  k-  ndni  rntrc  m  ii  t  i 
juin,  puis  ils  ga^ent  le  large  en  suivant  le  courant  de  Kuroshio  pour  se  rendre  sur  de&  terrains 
cstivaux  inoomras.  L'tuteur  prtsente  une  statistiqae  des  captures  efTcctuto  sur  la  o6te  est  de 
la  pdninsulc  Izu  (district  de  Koshinsei)  au  cours  d'une  piJriodc  rdccnic  cic  10  annt'cs  (capture 
annuelle  la  plus  forte:  9  149  en  1965/66;  capture  annuelle  la  plus  faible:  3  130  en  1969/70; 
capture  pour  la  deniiire  annde  indiqufe:  6  799  cn  1973/74).  II  foumit  des  donnto  snr  le  cycle 
biologiquc  dc  S.  cocrulfoalha,  nolammcnt  la  cdmposiiion  ties  bancs  migratcurs,  la  croissance 
desjeunes  ainsi  que  des  rensei^ements  sur  la  reproduction.  La  laille  actueUe  de  la  population 
de  S.  coerukotMa  dans  ks  eaux  de  b  cdte  Pactfique  du  Japon  est  trte  diflkile  i  esthner  k 
partirdesdonn£esdvpoilibles.Toutefois,  rimportance  dc^  prises  annuelles  a  peu  varie^depuis 
environ  30  ans,  ce  qui  indique  que  le  stock  est  probablement  stable  et  peut  supporter  les 
niveaux  d'exploitation  aciuels. 

Exmcto 

En  algonos  distrilos  del  Jap6n  se  capturan  para  consumo  humano  varias  especies  de 

cetdceos  do  pcquefia  (alia  con  arpones  mecinicos  o  de  mano.  entre  ellos:  delfm  ravado, 
SleneUa  coeruleoalba;  muntopa  vcrdadera,  Phocoenoides  dalli  iruei;  marsopa  de  puerto  Dail, 
F.  daK  dalli:  delfin  moteado,  5.  mtmuua:  luniAa  Gill,  TWafo/v  truneatus  gllll;  delfln  RIsso, 
Grampus  ^riscm:  pseudo-orca.  Psctulnmi  vnissidcns.  v  delfln  de  aistado  blancn.  f  iii^mor- 
hyiKhus  obliquidens.  La  captura  unual  dc  tudus  cstos  pequenos  cetaceos  en  el  Japon  es  de 
10000  a  20  000  ejemplares,  y  ha  disminuido  Hgeramente  en  los  filtimos  alios  debido  a  la 
menor  prcferencia  tie  la  pohlacion  ptir  la  came  de  delfin. 

La  especie  predominante  entre  las  capturadas  (de  la  mitad  a  un  tercio  de  la  captura 
totaO  es  S.  eoemleoaBm,  que  se  pesca  ftente  a  la  oosta  meridonal  de  la  isia  de  Honshu,  en  el 
disthto  de  Koshinsei.  y  tambien  en  la  zona  de  Naki.  cuando  emigra  hacia  el  sur  entre 
septiembre  y  febrero.  Luego  los  animales  se  desplazan  de  nuevo  hada  el  norte  a  lo  largo  dc  la 
oosta,  de  mayo  a  junio.  para  volver  al  mar  con  la  corriente  del  Kurodvo,  hada  zonas 
desconocidas  donde  transcurren  el  verano.  Sc  dan  cstadLsticas  dc  captura  dc  la  pcsqueria  de  la 
costa  este  de  la  peninsula  de  Izu  <distrito  de  Koshinsei)  en  un  periodo  decenal  reciente 
(captura  anual  mis  devada,  9  149, 196S/66;  captura  anual  mis  haja,  3  130. 1969/70:  captura 
del  ultimo  aito  considerado.  6  799,  1973/74).  Se  dan  datos  sobrc  cl  ciclo  vital  Jc  S.  coeru- 
leoalba. cn  especial  sobre  la  composiddn  de  los  grupos  que  se  desplazan,  cl  dcsarrollo  dc  las 
formas  juveniles,  y  la  reproducci6n.  Es  muy  dificil  estimar.  sobre  la  base  de  los  datos 
di.sponiblcs.  cl  volumcn  actual  de  la  poblaci6n  de  S.  coeruleoalba  de  las  COStas  japon csas  del 
Pacifico.  Las  cifras  anualcs  dc  captura  han  sido  muy  parccida.s  durante  unos  30  uhos.  lo  que 
indica  que  tal  vez  la  poblacion  sea  estable  y  capaz  dc  sostencr  los  niveles  acluales  dc 
explotadAn. 


Department  of  Marine  Sciences,  University  oj  the  Ryukyus,  Shuri,  Naha  City  Okinawa  903. 
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CATCHING  THE  STRIPED  DOLPHIN 


Dolphins  and  poq)oi$es  are  still  eaten  in 
Japan,  though  not  by  all  Japanese.  Fig.  I 
shows  the  districts  in  which  small  cetaceans  are 

consumed.  The  species  eaten  varies  with  the 
district  and  depends  on  the  harvest  Irom  each 
of  the  fishing  grounds  scattered  along  the 
Japan  Islands  and  also  on  the  available  trans- 
portation route  from  a  fishing  ground  to 
markets  or  consumers.  True  s  porpoise  {Pho- 
coenoides  dalli  truei)  and  Dallas  porpoise 
{  Ph()V()i'ni)iiles  dalli  dalli)  are  eaten  in  the  San- 
riku  district,  and  the  striped  dolphin  (Stenella 
coeruieoulba)  is  the  main  species  eaten  in  the 
area  aiound  Odawara  City,  Kanagawa  Pre- 
fecture to  Hamanako  I  ake,  Shizuoka  Prefect- 
ure and  the  so-called  Koshinsei  district.  In 
Tokyo  Metropohs  and  the  cities  on  its  outs- 
kirts, there  is  no  tradition  of  eating  dolphin 
meat.  Fishermen  from  I/.u  Fishermen's  Union 
catch  the  dolphins  by  the  drive  method  and 
bring  them  to  the  neighbouring  Koshinsei 
district.  If  there  is  a  large  catch  of  True's  por- 
poise in  the  Sanriku  district,  surplus  animals 
with  their  viscera  extracted  arc  transported  to 
the  fish  market  of  Numazu  City,  Shizuoka 
Prefecture,  and  transferred  to  the  mountain 
region  of  Yamanashi  Prefecture  where  thev 
represent  an  important  protein  source  for  the 
local  people,  especially  in  winter.  In  Nanki, 
Wakayama  Prefecture,  meat  is  eaten  in  the 
areas  where  whaling  has  been  carried  out  since 
ancient  times  and  is  still  in  operation.  Striped 
dolphins  (Stenella  coerukcattta)  form  the 
major  part  of  the  catch  there,  and  the  catch  of 
white-spotted  dolphins  (Stenella  aiienuala) 
has  recently  been  increasing.  Other  species, 
the  Gill*s  bottlenosed  dolphin  (Tuniopa  trm- 
catus  ^illi)  for  example,  are  also  hunted  and 
even  Risso  s  dolphins  {Grampus  griseus)  are 
hunted  and  caught.  On  the  Island  of  Shikoku, 
consumption  of  dolphin  meat  is  rare  but  on 
Kyushu  Island  it  has  hccn  eaten  since  ancient 
times  in  some  districts.  It  is  said,  but  not  cer- 
tain, that  in  the  islands  of  Dei  and  Tsu-shima, 
off  the  northern  shore  of  Kyushu,  there  has 
been  no  tradition  of  eating  dolphin  meat.  But 
on  the  northwestern  coast  of  Kyushu  and  in 
the  Islands  of  Goto,  GiU*s  bottlenosed  dol- 


phins, false  killer  whales  {Pseudorca  crassid- 
ens)  and  white-sided  dolphins  (Lagenorhyn- 
ckus  obliquidens)  are  commonly  caught  by  a 
drive  fisherv  and  also  by  hand  harpoons. 
Along  the  coast  of  the  Sea  of  Japan,  local 
people  of  San-in  district  have  harvested  Dall's 
porpoises  in  considerable  numbers  for  food; 
fishing  there  is  mainlv  bv  hand  harpoons.  But 
this  fisher)  has  apparently  decreased  in  recent 
years  (Association  of  Forest  and  Agricultural 
Products.  1970-74). 

The  annual  catch  of  all  these  species  in 
Japan  is  10  000-20  000.  Lately,  the  number  has 
slightly  decreased  because  of  a  recent  slow 
decrease  in  people's  preference  for  dolphin 
meat  and  because  tishermen  come  to  dislike 
the  hard  work  of  catching  dolphins,  whether 
by  drive  or  hand  harpot^n.  with  lower  profits. 
The  striped  dolphin  forms  the  largest  part,  by 
number,  of  the  total  annual  catch,  about  1/2  to 
1/3. 

Stenella  are  naturally  offshore  animals 
and  onlv  come  near  the  coast  for  a  part  of  their 
life,  it  seems  that  they  eat  plenty  of  food  in  the 
sub-Arctic  convergence  before  migrating 
south.  When  the  water  temperature  drops, 
they  come  along  the  Kuroshio  Current  to  the 
coast  of  the  Japan  Islands.  They  come  near  to 
Point  Inubo  (Choshi  City)  first,  between  Sep- 
tember and  November.  Some  schools  come 
along  the  coast  of  Boso  Peninsula.  Chiba  Pre- 
fecture, and  enter  into  Sagami  Bay,  but  some 
others  pass  round  the  top  of  Boso  coming  to 
l/u  in  December  or,  at  the  latest,  in  the  be- 
ginning of  Januarv.  At  nearly  the  same  tune, 
the  northwest  wind  becomes  dominant  and  the 
sea  is  rough,  so  that  searching  and  driving-in 
are  verv'  difficult  by  that  time  and  catch  ceases 
automatically.  As  the  season  of  dolphin  fishing 
moves  to  the  Nanki  area,  the  catch  by  harpoon 
begins  in  Taiji  Town.  Wakayama  Prefecture, 
and  its  neichbourinii  beach.  When  catches  are 
high,  about  50  animals  are  brought  to  the  fish 
market  every  day  in  times  ^  prosperity  but  a 
common  figure  is  10  animals  a  day.  The  meat 
is  sold  in  the  local  area  where  people  prefer  it. 
From  March  to  April  the  catch  is  small,  pro- 
bably because  the  main  schools  go  further  41 
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south.  Then  from  May  to  June,  the  schools 
come  back.  This  time,  they  go  north  to  the  Izu 
Peninsula.  They  sometimes  come  along  the 
west  coast  of  the  Izu  Peninsula  and  go  into 
Suruga  Bay.  About  10  years  ago,  Arari  Fi- 
shermen's Union  hunted  them  but  they  have 
stuppeU.  Most  ot  the  northbound  schools  do 
not  enter  Suruga  Bay,  but  pass  Izu  and  Boso 
Peninsulas  and  swim  away  to  the  open  sea  with 
the  Kuroshio  Current.  Once  they  have  gone, 
there  arc  no  records  of  them;  where  they  mig- 
rate to  is  utterly  unknown  (Arari  Fishermen's 
Union,  1964-74)  (see  Table  1). 

Records  of  the  striped  dolphin  catch 


have  come  also  from  Taiwan,  but  the  number 
is  small,  with  the  largest  catch  perhaps  oc- 
curring from  Februar)  to  May.  The  catch 
there  seems  to  be  done  mostly  with  hand  har- 
poons. 

According  to  Mivazaki  (1975)  the  size  of 
the  annual  catch  on  the  coast  of  the  izu  Pen- 
insula is  dosely  related  to  the  movement  of 
the  Kuroshio  Current.  If  the  Kuroshio  ap- 
proaches lau  or  Oshima  Island,  the  annual 
catcti  ii>  high,  but  if  the  Kuroshio  stays  far  out 
(about  SO  miles)  horn  there,  the  catch  is  scarce. 
The  Kuroshio  Current  is  recognizable  by 
water  temperature;  15"C  at  200  m  depth  is  an 
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TaUe  1.  CiitcliofMHillikouiHl5iM<Ai4 
1964.74) 


r  on  the  CMl  coMt  «f  Izu  Peninsula  In  10  rteenl  years  ( Arari  FisbenncQ's  t'nion. 
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indicator.  The  distance  between  the  current 
and  the  positions  of  the  catch  may  be  measur- 
ed and  mapped. 

Schools  oi  striped  dolphin  can  be  iden- 
tified as  those  of  mature  animals  and  imma- 
ture ones.  Miyazald  investigated  the  order  of 
procession  in  migration  as  follows.  Schools  of 
mature  animals  are  at  the  centre  of  the  parade 
and  the  schoob  composed  of  immature  ani- 
mals surround  the  former.  A  school  of  mature 
animals  includes  calves  shortly  after  birth  and 
those  m  the  wcanmg  stage. 

When  the  calves  leadi  the  age  of  2  to  3, 
thev  come  ou\  of  the  adult  i:r(iup  and  join  a 
group  of  youngsters.  At  the  age  of  7  to  9  they 
reach  puberty.  Females  go  back  to  an  adults' 
group  first  and  males  follow  them  about  a  year 
or  so  later.  As  for  newborn  babies,  weaning 
will  continue  for  about  a  year  and  a  half  and 
while  weanmg  they  begin  to  eat  some  fish  at 
about  6  months.  Tiie  cycle  of  pregnancy  may 
be  everv  3.39  years  and  ovulation  occurs  ever\' 
2  years,  that  is,  0.59  eggs  annually.  Oestrus 
may  come  every  4  months  until  fertilization. 

Usually,  there  are  300  dolphins  on  an 
average  in  each  southbound  school,  while  in  a 
northbound  school  there  are  150-200  dolphins. 
They  apparently  divide  themselves  into  more 


schools.  Infrequently,  they  form  a  school  of 
more  than  1  000  dolphins.  Among  the  many 
schools  of  adults  and  youngsters  caught  and 
examined,  there  were  schools  in  which  individ- 
uals of  boUi  age  groups  mixed  together.  The 
question  is  whether  they  were  forced  to  mix  by 
the  fishermen  driving  them  or  they  mixed  of 
their  own  accord  in  an  emergency. 

Based  on  age  determination,  it  was 
found  that  females  reach  physical  maturity  at 
the  age  of  1 1.5  and  males  at  13.5.  The  oldest 
among  the  examined  animals  was  presumed  to 
be  a  female  of  26.S  years  and  a  male  of  29.S 
years  old.  The  annual  catch  in  the  last  10  vears 
on  the  east  coast  of  izu  Penmsuia  is  shown  in 
Table  1. 

Kasuya  and  Miyazaki  (1976)  estimated 
that  the  size  of  the  population  of  this  species 
distributed  off  the  Pacific  coast  of  Japan  was 
between  129  000  and  186  000,  by  dividing  the 
catch  by  the  total  mortality  coefficient. 
Though  this  estimate  may  deserve  considera- 
tion. It  was  based  considerably  on  hypotheses 
and  the  data  were  obtained  only  from  Izu. 
Considering  these  particulars.  1  should  em- 
phasize that  this  number  is  based  only  on  the 
data  trom  stocks  which  have  come  along  the 
west  side  of  the  Kuroshio  Current  and  been 
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caught  on  the  east  coast  of  Izu.  Thus,  this  esti- 
mate might  not  include  all  the  striped  dolphins 
in  the  of&hore  waters  of  Japan  which  will 
come  to  the  coast.  Moreover,  dolphins  caught 
by  drive  fishery'  include  almost  all  animals  of  a 
school  -  even  recently-born  calves  are  killed 
and  eaten.  The  fluctuation  of  stodu  at  sea  is 
very  difficult  to  estimate  from  those  data.  It 


can,  at  least,  be  said  that  a  similar  catch  figure 
has  been  reached  every  year  lor  about  30 
years,  and  5000-10000  dolphins  from  the 
southbound  school  are  still  caught.  Thus,  the 
stock  must  be  ver\'  large.  The  present  size  of 
the  annual  catch  in  Japan  may  not  seriously 
affect  the  stock,  i.e.,  the  slock  may  sustain  the 
present  fishery  and  remain  stable. 
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DISTRIBUTION  AND  DIFFERENTIATION  OF  STOCK  OF 
DELPHINUS  DELPHIS  LINNAEUS  IN  THE  NORTHEASTERN  PACIFIC 


W j:.  Evans 


Delphinus  delphis  L.  occurs  in  coastal  and  oflshore  waters  of  the  northeastern  Pacific 
from  the  equator  to  3tf*N  latitude  as  weD  as  in  die  Gulf  oT  Caiifontia.  Hie  range  is  a  band 

parallelling  the  west  mnst  of  the  United  States,  Mexico  and  Central  America,  and  extending 
seaward  to  134  W  longitude  in  the  northern  portion  of  the  range  and  1 1S"W  longitude  in 
subtropical  waters.  There  are  modes  in  the  distribation  which  indicate  increased  concentra- 
tions ofherds  at  approximately  T'N,  25"N  and  32"N  latitude.  Zones  of  \er\  low  concentrations 
ofherds  (hiatuses)  are  present  in  the  north-south  distribution,  occurring  between  1 3-20  N  and 
27-3 I'M  latitude.  This  decrease  in  the  detisity  of  D.  defyhisooam  in  the  most  southerly  portion 
of  their  range  in  an  area  where  the  mean  annual  sea  surface  temperatures  are  greater  than 
'2!&"C.  The  densities  of  the  most  common  species  of  delphinid  in  the  tropical  eastern  Pacific 
(Sienella  attenuata  and  S.  longirosiris)  increase  in  these  hiatus  areas.  The  range  of  the  latter 
two  species  is  a  triangle  with  the  base  formed  by  the  coastline  of  Mexico,  Central  Anmicaand 
Colombia,  and  the  apex  extending  wi^t  to  about  lO^N  latitude,  14S"W  longitude. 

Variations  in  total  body  length  and  certain  characteristics  of  the  cranial  skeleton  are 
described  in  quantitative  terms.  It  is  concluded  that  there  are  at  least  four  distinct  populations 
of  Delphinus  'm  the  northeastern  Pacific:  (i)  a  southern  Califbmia  short-snouted  population, 
north  of  32"N;  (ii)  a  Baja  California  short-snouted  population  between  28  and  30'N;  (lu)  a 
southern  short-snouted  population,  south  df  IS^,  and  (iv)  a  northern  neritic  long-anouted 
population,  north  or20"N. 

Data  are  presented  which  indicate  that  the  density  of  D.  delphis  in  the  waters  otY 
southern  California  is  seasonal  and  dependent  on  the  molnlity  of  the  spedes,  food  availabiliQr, 
reproductive  state  and  sea  surface  temperature  The  peak  abundanccsofZ)e^Min(l within  the 
area  of  the  suuihem  California  continental  borderland  occur  in  May-Jtme,  September-Octo- 
ber and  in  Januaiy. 

Resume 

On  trouve  Delphinus  delphis  L.  dans  Ics  eaux  o6ticres  ct  hautuneres  du  Pacifique 
nord-oriental  entre  T^uateur  et  36*  de  latitude  nord.  ainsi  que  dans  le  goHe  de  Califfnnie. 

L'airc  de  distribution  s'ctond  sur  unc  h;indc  parallole  a  la  ciNte  ouest  des  Rtals-l'nis,  du 
Mexique  et  de  I'Amenque  centrale,  et  se  prolongc  en  mcr  jusqu'^  134"  de  longitude  ouest  dans 
la  partie  nord  et  ju.squ'^  II 5*  de  longitude  ouest  dans  les  eaux  subtropicales.  Des  modes  de 
distribution  indiquent  des  concentrations  accrues  de  populations  vers  les  septidmc, 
vingt-cinquieme  et  trente-deuxi^me  degr^  de  latitude  nord.  Des  zones  a  tris  faible  concen- 
tration de  populations  (hiatus)  se  trouvent  dans  hi  distribution  nord-sud,  entre  13-20*  et  27-31* 
de  latitude  nord.  Cet  abalssement  de  la  density  de  D.  delphis  x  produit  dans  la  partie  la  plus 
miridionale  de  leur  aire  de  distribution,  dans  une  zone  od  les  temperatures  annuelles  45 
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movcnnes  a  la  surface  do  la  mor  depassent  28"C.  Les  densitis  dcs  cspiccs  Ics  plus  communes 
de  dclphides  duns  la  zone  tropicalc  du  Pucitlque  oriental  (Slenella  attenuaia  et  S.  longirosihs) 
s'aoaousent  dans  ces  «  hiatus  ».  L'aire  de  distribution  des  deux  deraiires  esptees  est  un 
triangle  dont  la  base  est  form^e  par  la  c«*ite  du  Mexiquc.  dc  rAmerique  centrale  et  de  la 
CokMobie  et  dont  la  pointe  est  situee  a  I'ouest  a  environ  10"  de  latitude  nord  et  145"  de 
longitude  ouest. 

I.cs  variaIi(^ns  cic  la  longueur  tnrporcllc  totale  et  certaines  caracteristiques  du  squelelte 
cranien  sent  ddcrites  en  termes  quantitatifs.  On  parvient  h  la  conclusion  qu'il  exisie  au  moins 
quatrepoputationsdistinctes  de  Dr^Ana  dans  1e  Padfiquenofd-oriental:  (i)  une  population 
d  gueulc  cour(e  dans  le  sud  de  la  Califomie  au  nord  du  32"  nord;  (ii)  une  population  a  gueule 
courte  en  basse  Califomie  entre  28"  e(  30"  nord;  (iii)  une  population  m^ridionale  ^  gueule 
oourte  an  sud  du  IS* nord;  (iv)  une  population  notdique  n^ntique  a  guculc  longue  au  nord  du 
20"  nord. 

Des  donn^  sont  foumies,  indiquant  que  la  density  de  D.  delphis  dans  Ics  caux  du  large 
au  sud  de  la  Califomie  est  saiiwnniire  ct  depend  dc  la  mobility  des  especes,  des  disponibilit&i 
en  aliments,  du  stade  de  reproduction  et  de  la  temperature  de  la  surface  de  la  mcr.  Les 
sommets  de  I'abtindance  pour  Ic  Delphinus  dans  Taire  de  distribution  qui  loncc  le  plateau 
continental  au  sud  de  la  Califomie  se  situent  de  mai  a  juin,  de  septenibre  a  ueiubre  ct  en 
Janvier. 

Extrmto 

Delphinus  delphis  L.  vive  en  las  aguas  de  media  altura  y  oosteras  del  nordeste  del 
Pacifioo,  desde  el  Ecuador  hasia  34S*  de  latitud  none,  asl  como  en  d  Oolfo  de  California.  La 

zona  dc  distribucion  es  una  banda  paralcia  a  la  costa  occidental  dc  lo^  I  stados  IJnidos. 
Mexico  y  America  Central,  que  se  extiende  mar  adentro  hasta  134  dc  longitud  oeste  en  la 
parte  septentrional  de  la  zona  de  distribucion  y  1  IS*  de  longitud  oeste  en  aguas  subtropicales. 
Existen  formas  de  distribucion  que  indican  mayores  concenlraciones  de  manadas  a  apnni- 
madamente  70",  25"  y  32"  de  latitud  norte.  Existen  zonas  de  muy  pequena  concentracion  dc 
manadas  (zonas  intermedias)  en  la  distribudAn  norte-sur,  que  viven  entre  I3-2S*  y  27-31*  de 

latitud  nortc.  Fsta  disminucion  dc  la  dcnsidad  de  D.  delphis  ticnc  lui^jr  cn  la  parte 

meridional  de  su  zona  de  distribucion,  en  un  ^rea  en  dondc  las  temperaturas  medias  anuales 
en  la  superficte  del  mar  son  superiores  a  los  28'C.  Las  densidades  de  las  especies  mis  comunes 

de  delfmes  cn  cl  Pacifico  oriental  tropical  (SteneUa  ailenuata  y  S.  hn^irostris)  aumcntan  cn 
esias  zonas  intermedias.  La  zona  de  dislribuci6n  de  las  ultimas  dos  especies  es  un  iriangulo 
con  la  base  formada  por  la  linea  oostera  de  Mexico.  America  Central  y  Colombia,  y  el  Venice 
extendi^ndose  en  direccion  oeste  hasta  10"  dc  latitud  nortc.  145"  de  longitud  ocstc. 

Las  variadones  en  (oda  la  longitud  del  cuerpo  y  algunas  caracteristicas  del  crineo  se 
dcscriben  en  t^rminos  cuanlitativos.  Se  llega  a  la  condusito  de  que  hay.  por  lo  menos.  cuatro 
poblaciones  distintas  de  Delphinus  cn  cl  nordeste  del  Pacifico:  (i)  una  poblacion  que  tiene  el 
hocico  corlo  en  California  del  Sur.  al  nortc  dc  32''N;  (ii)  una  poblad6n  que  liene  cl  hocico 
corto  cn  Baja  Califomia  entre  28"  y  30  'N :  (iii)  una  pobladdn  meridional  que  tiene  el  hocico 
COrto,alsurde  l5"Ny(iv)  una  poblacion  ncritic  1  l  |  i  rurional  de  hocico largo,alnortede20'N. 

Los  dalos  prescntados  indican  que  la  dcnsidad  de  D.  delphis  en  las  aguas  frente  a 
California  del  Sur  es  esiacional  y  depende  de  la  movilidad  de  las  especies.  disponibilidad  dc 
alimentos.  estado  reproductivo  y  temperatura  de  la  superficic  del  mar.  Las  mdximas  ahun- 
dancias  de  Delphinus  dentro  del  ,irc;i  ilc  las  ticrras  limitrofcs  continentales  de  California  del 
Sur  tienen  lugar  en  mayo-junio,  sepiietnbre-octubre  y  cn  cncro. 


Evans 
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THE  COMMON  DOLPHIN  IN  THE  NORTHEASTERN  PACIFIC 


Introduction 


The  common  dolphin,  currently  known 
as  Delphinus  delphis,  is  distributed  worldwide 
in  temperate  and  sub-tropical  waters  (Cabre- 
ra, 1961),  with  local  variants  existing  in  the 
Black  Sea  (Tomilin,  1957),  the  Mediterranean 
(Gihr  and  Pilleri,  1969),  along  the  Atlantic 
coasts  of  Europe  and  Africa  (Gihr  and  Pilleri, 
1969;  van  Bree  and  Purvcs,  1972),  in  the 
Indian  Ocean  (van  Bree,  1971;  Pilleri  and 
Gihr,  1972),  the  coastal  waters  of  Japan  (Ni- 
shiwaki,  1965,  1972;  Mizue  and  Yashida, 
1960;  Ohsumi,  1972),  Austraha,  New  Zealand 
(Gaskin,  1968)  and  the  Pacific  coast  of  South 
America  (Aguayo,  1975).  Little  has  been  pu- 
blished about  Delphinus  in  the  northeastern 
Pacific.  It  is  considered  by  some  to  be  the  most 
abundant  cetacean  in  this  area  (Norris  and 
Prescott,  1961).  In  1969,  Banks  and  Brownell 
discussed  the  validity  of  Delphinus  bairdi  and 
concluded  that  2  species  of  Delphinus,  D.  del- 
phis  and  D.  bairdi,  were  present  in  the  coastal 
waters  of  southern  California  and  Baja  Cali- 
fornia, Mexico.  The  movement  patterns  of  D. 
delphis  in  the  southern  California  continental 
borderland  have  been  discussed  by  Evans 
(1971,  1974). 

The  occurrence  of  D.  delphis  in  the  tem- 
perate and  sub-tropical  eastern  Pacific  was 
noted  early  by  Scammon  (1874).  However, 
until  the  present  no  comprehensive  work  has 
been  carried  out  on  these  animals.  In  1966,  1 
began  a  study  of  the  biology  of  Delphinus  sp.' 
in  the  northeastern  Pacific  concentrating  on 
the  herds  that  frequent  the  coastal  and  off- 
shore waters  of  southern  Cahfornia.  and,  to  a 
lesser  extent,  stocks  that  were  found  in  the 
coastal  waters  of  Baja  California,  Mexico,  and 
the  Gulf  of  California.  After  8  years  of  obser- 
vation ( 1966-74),  from  surface  vessels  and  air- 
craft, it  is  quite  evident  that  this  species  of 
delphinid  is  indeed  the  most  "common"  dol- 


phin in  southern  California  waters,  represent- 
ing 53  %  of  all  the  odontocete  cetaceans  en- 
countered in  654  observations  (Fig.  1).  No 
other  species  accounted  for  more  than  14  %  of 
the  remaining  sightings. 

When  I  started  work  on  Delphinus  sp.  in 
1966,  I  intended  to  define  various  aspects  of 
the  biology  of  this  animal  as  representative  of 
an  uncxploited  pelagic  delphinid.  Distribution 
and  movement  patterns,  feeding  behaviour 
and  density  in  the  southern  Cahfornia  conti- 
nental borderland  were  studied.  An  attempt 
was  made  to  relate  the  distribution  to  ocea- 
nographic  parameters  in  the  study  area  of 
interest.  In  1972  these  animals  formed  an  im- 
portant fraction  of  the  cetaceans  killed  by  the 
eastern  tropical  Pacific  tuna  purse-seine 
industry  (NOAA  Tuna  Porpoise  Review 
Committee,  1972).  The  1973  and  1974  data 
made  available  from  the  porpoise-tuna  obser- 
ver programme  of  the  National  Marine  Fish- 
eries Service's  (NMFS)  Southwest  Fisheries 
Center  have  emphasized  the  need  to  summa- 


'  Given  the  uncertainly  that  exists  over  the  proper  de- 
Hnilion  of  species  in  this  paper,  the  term  Delphinus  sp.  has 
been  used  throughout. 
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FUi.  I  Percentage  of  total  encounters  during  aerial  surveys 
with  odontocete  cetaceans  by  species  in  the  southern  Califor- 
nia Continental  Borderland  based  on  654  sightings.  One  en- 
counter equals  one  sighting  of  an  individual  or  herd  of  odon- 
locctcs.  all  of  the  same  species. 


r 


W  E  EVANS 


rize  the  data  currentiv  available.  Data  were 
needed  on  the  numbers  and  structure  of  the 
Delphinus  stocks  in  the  northeastern  Pacific  to 
assess  the  impact  of  the  fishery  on  the  species. 

This  study  includes  (i)  a  review  of  the 
distribution  of  Delphinus  sp.,  (ii)  definition 
of  4  separate  stocks  of  Delphinus  sp.  in  the 
northeastern  Pacific,  and  (iii)  a  discussion  of 
the  monthly  changes  in  the  relative  abundance 
of  Delphinus  sp.  herds  in  the  southern  Cali- 
fornia continental  borderland  as  a  function  of 
sea.sonal  movement  pattern. 


Distribution  of  Delphinus  sp. 


The  most  northerly  record  of  Delphinus 
sp.  in  the  eastern  Pacific  is  a  stranded  speci- 


men from  British  Columbia,  Canada  (Giugu- 
et,  1954).  Because  it  is  difficult  to  determine 
the  initial  origin  of  stranded  specimens,  they 
have  not  been  included  in  the  distributional 
data  discussed  in  this  report.  Common  dol- 
phins have  been  observed  worldwide  within 
the  water  temperature  range  10-28"C,  thus 
including  water  temperature  seasonally  found 
ofT  British  Columbia.  Observations  of  herds  at 
sea  north  of  36  "N  latitude  are  based  on  only  1 
reported  sighting  at  37"18'N  latitude  (Brow- 
neU,  1964). 

All  verified  sightings  of  Delphinus  sp. 
herds  collected  over  a  10-year  period  from 
Navy,  NO  A  A  and  university  research  ships, 
commercial  tuna  fishing  vessels  and  aerial 
surveys  in  the  northeastern  Pacific,  indicate 
that  the  major  distribution  is  from  the  equator 
to  36''N  latitude  and  from  83"  to  132"W  longi- 
tude with  some  observations  of  herds  to  ICS 
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latitude  and  in  the  vicinity  of  the  Galapagos 
Islands  (Fig.  2).  In  this  figure,  the  number  of 
herds  sighted  as  a  function  of  latitude  is  plot- 
ted at  the  left  of  the  illustration.  The  dots  on 
the  map  represent  the  areas  in  which  herds 
were  observed.  From  5"  to  32"N,  the  number  of 
sightings  as  a  function  of  observer  effort  has 
been  quite  high;  and  therefore,  the  modes  that 
occur  at  approximately  7"N.  25"N  and  32"N 
are  probably  representative  of  real  increases  in 
the  density  of  Delphinussp.  in  those  areas.  The 
apparent  low  density  of  these  animals  between 
13^  to  20''N  and  27"  to  32°N  is  therefore  also 
indicative  of  real  gaps  in  the  north-south  dis- 
tribution. The  decrease  in  the  number  of  herds 
sighted  south  of  the  equator  is  the  result  of  a 
low  level  of  observation  effort  in  that  area, 
with  the  majority  of  the  sightings  reported 
coming  from  1  commercial  tuna  seiner.  Recent 
survey  cruises  (1975,  1976)  have  established 
the  presence  of  Delphinus  sp.  at  10"S  and 
125 "W,  which  are  not  indicated  in  Fig.  2.  Pub- 
lications which  review  the  distribution  data 
in  the  aforementioned  area  (Bruyns,  1971; 
Marcuzzi  and  Pillcri,  1971;  Aguayo.  1975) 
indicate  that  herds  of  Delphinus  sp.  are  present 
along  the  west  coast  of  South  America  at  least 
as  far  as  a  latitude  of  40"S.  The  first  2  refer- 
ences indicate  a  definite  gap  in  the  north- 
south  distribution  occurring  generally  south  be- 
tween 5"S  and  20"N,  which  is  quite  consistent 
with  the  data  presented  in  this  study. 

The  distribution  of  the  various  races  of 
Stenella  attenuata  and  S.  longirostris  reported 
by  Perrin  (1974)  possibly  indicate  competitive 
exclusion.  According  to  Perrin  (1972)  both  S. 
attenuata  and  S.  longirostris  in  the  eastern 
tropical  Pacific  are  distributed  from  0"  to  25"N 
latitude  and  80"  to  146''W  longitude.  High 
densities  arc  found  between  10"  and  20"N  lat- 
itude and  extend  westward  as  far  as  146''W 
longitude,  an  area  apparently  not  occupied  by 
Delphinus  sp.  Thus,  interspecies  competition 
could  contribute  to  the  scarcity  of  Delphinus 
sp.  in  this  area.  A  comparison  by  latitude  of  the 
areas  of  distribution  and  the  number  of  herds 
sighted  for  Delphinus  sp.  and  the  2  species  of 
Stenella  is  presented  in  Fig.  3.  Most  sighting 
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t'Ki.  3.  I  he  disiribuiitin  oC  delphis  in  ihc  n()rthc;i>lcrn 
Pacific  compared  with  ihc  disiribulion  of  i".  longirostris  and  .V. 
aiienuata  described  hv  Perrin  ( 1972). 


data  on  Delphinus  sp.  suggest  that  this  species 
occurs  where  the  sea  surface  temperatures  are 
below  28"C.  Individual  sightings  of  this  species 
have  been  made  in  areas  where  the  surface 
temperature  was  as  high  as  30"C;  however,  in 
such  cases  the  mixed  layer  (isothermal  water) 
was  shallow.  10-15  m.  Furthermore.  1  have 
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FiCi.  4.  The  dLstrihulion  of  I).  Jclphi.s  in  ihe  m>rlheaslcrn 
Pacific  compared  to  ihe  average  annual  sea  surface  temper- 
ature ( rc  isotherms). 
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observed  surface  water  temperature  in  the 
tropical  eastern  Pacific  that  changes  as  much 
as  4*C  within  a  distance  of  10  nautical  miles.  If 
wc  are  to  assume  sea  surface  temperature  to  be 
a  limiting  factor  in  the  distribution  of  Dclphi- 
nus  sp.  (Fig.  4)  it  is  more  meanmgful  to  look  at 
the  average  annual  sea  surface  lemperatufe. 
Considering  that  both  the  distribution  of  ani- 
mals and  the  sea  surface  temperature  un- 
doubtedly llucluale  seasonally,  low  Delphinus 
sp.  density  in  the  aiea  where  die  mean  annual 
water  temperature  is  above  28"r  could  reason- 
ably be  interpreted  as  evidence  tor  a  possible 
thermal  barrier.  The  preference  of  this  species 
for  temperate  to  sub-tropical  waters  (Tomilin, 
1960)  adds  support  to  this  interpretation. 


Regional  stocks 


The  occurrence  of  rcuional  variation  in 
various  stoclis  of  Delphinus  sp.  has  trequently 
been  noted  in  the  literature  (Cadanat,  1959; 
Marcuzzi  and  Pilleri.  1971;  Bniyns,  1971;  Ni- 
shiwaki,  I%7).  Unfortunately,  these  observa- 
tions have  either  not  been  quan  tilled  or  have 
been  based  on  conclusions  drawn  from 
examination  of  extremely  small  samples. 


Separation  in  other  areas 


According  to  Barabash-Nikiforov.  1940 
(cited  by  Torailin,  1957),  D.  delphis  L.  from  the 
southeastern  Black  Sea  in  die  vicinity  of  the 
city  of  Batumi  are  significantly  different  from 
those  collected  fn^m  the  northwestern  Black 
Sea  near  Yalta  and  Novorossiisk.  Such  mor- 
phometric  differences  as  smaller  mean  total 
overall  length,  shorter  pectoral  flippers,  short- 
er length  from  the  tip  of  the  rostrum  to  the 
origin  of  the  dorsal  fin  were  noted.  Tomilin, 
however,  questioned  the  validity  of  the  meas- 
urements, stating  that  true  difTerences  of  the 
magnitude  observed  would  be  unlil^ely  over 


such  a  short  distance  (5CX)-7(H)  km).  However, 
Perrin  (1972)  concluded  that,  at  least  in  the 
case  of  Stenelh,  geographical  differences  in 
population  can  be  expected  over  distances  as 
short  as  tens  of  kilometres.  The  comparison  of 
measurements  of  24  specimens  of  D.  delphis 
from  the  Mediterranean  with  those  of  26  from 
the  Atlantic  led  Gihr  and  Pilleri  (1969)  to 
conclude  that  these  2  stocks  of  Delphinus  sep- 
arated by  approximately  1  000  km  repre- 
sented 2  races. 


NORIHtASIliRN  PaCIHC 

Scammon  (]S'''4)  suspected  that  the  D. 
delphis  in  the  eastern  Pacific  might  not  be  the 
same  species  as  the  Atlantic  stock.  He  report- 
edly sent  2  specimens  collected  near  Point 
Arguello.  California,  to  the  IJ.S  National 
Museum.  Dall  (1873,  1874).  noting  the  elon- 
gated and  attenuated  rostrums,  determined 
that  they  were  a  separate  species  of  Delphinus 
which  he  designated  D.  hainli.  The  \aliditv  of 
this  species  has  been  questioned  several  times 
(Miller,  1936;  Hershkovitz,  1966;  Rice  and 
Scheffer,  1968). 

On  the  basis  of  the  ratio  of  rostral  length 
to  zygomatic  width,  BanJcs  and  Brownell 
(1%9)  concluded  that  2  separate  species  of 
Delphinus  occur  in  the  North  Pacific,  D.  del- 
phis (ratios  1.53  or  less)  and  D.  hairdi  (ratios 
1.55  or  higher).  However,  van  Bree  and  Purves 
(1972)  pomted  out  that  if  />.  bainh  was  valid 
based  on  this  morphometric  character,  it  was 
not  limited  to  the  North  Pacific,  since  they  had 
data  on  several  specimens  from  the  Atlantic 
and  the  coastal  waters  of  New  Zealand  with 
skull  length /width  ratios  which  met  the  Banks 
and  Brownell  criterion  for  D.  hairdi.  It  was 
further  suggested  by  van  Bree  and  Purves  that 
if  the  ratio  of  the  rostral  length  to  zygomatic 
width  was  indeed  a  valid  character  by  which  to 
designate  a  different  species  of  Delphinus.  D. 
capensis  (Gray,  1828)  should  be  used,  since  it 
was  also  deagnated  based  on  skull 
width /length  ratios  of  1.55  or  higher  and  has 
chronological  precedence. 
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With  the  exception  of  cranial  skeletal 
material  obtained  from  the  California  Acade- 
my of  Sciences,  San  Francisco,  and  skulls  ftom 
the  Gulf  of  California  provided  Mr.  Ken- 
neth Balcomb,  which  were  determined  to  be 
mature  animals  because  the  premaxillary 
bones  were  completely  fused,  none  of  the  data 
being  discussed  nas  been  reported  previously. 
All  specimens,  except  those  from  the  Gulf  of 
California,  which  were  represented  by  skeletal 
material  only,  were  sexually  mature  males 
(single  testes  weight  of  100  g  or  rooic)  and 
females  (presence  of  at  least  I  ovarian  scar). 
Where  possible,  teeth  from  each  mdividual 
were  sectioned,  and  animals  with  less  than  4 
dentinal  layers  were  exduded  from  the  data 
base. 

Measurementi»  of  the  zygomatic  width 
and  rostrum  length  were  then  plotted  (Fig.  5) 

as  a  scattergram  along  with  similar  data  from 
skulls  collected  in  the  Gulf  of  California  and 
the  measurements  cited  by  Pilleri  and  Gihr 
(1972)  for  Delphinus  tropicalis  (van  Bree, 
1971).  Data  on  sexual  maturity  are  available 
only  for  those  specimens  labelled  as  coastal 
water,  southern  California,  offshore  Baja  Ca- 
lifornia (north  of  2(y>f)  and  tropical  eastern 
Pacific  (Costa  Rica  south  of  15"N). 

The  range  of  rostral  measurements  is 
approximately  5  times  greater  than  that  for 
zygomatic  width  and  appears  to  be  discontin- 
uous. In  the  group  with  shorter  rostrums 
(215-274  mm)  hodv  length  varied  from  156  to 
226  cm;  in  the  Pacific  group  with  longer  ros- 


trums (288-342  mm)  body  length  overall  vari- 
ed Irom  186  to  243  cm.  These  measurements 
for  the  eastern  Pacific  specimens  were  then 
converted  to  ratios  of  rostrum  length  over  zy- 
gomatic  width  (Fig  6)  The  2  separate  ranees 
of  ratios  similar  to  those  reported  by  Banks 
and  BrowneU  (1969)  also  occur  in  my  speci> 
mens.  The  longer  snouted  group  have  ratios 
with  a  lower  range  of  1.52.  with  the 
short-snouted  group  having  ratios  no  greater 
than  1.49.  Moreover,  short-snouted  forms  of 
Delphinus  sp.  occur  not  only  in  the  coastal 
waters  of  southern  California  and  Baja  Cali- 
fornia, Mexico,  but  also  in  the  Gulf  of  Cali- 
fornia and  the  tropical  eastern  Pacific.  The 
present  data  do  not  support  the  suppo.sition  by 
Banks  and  Brownell  ( 1%9)  that  the  short-and 
long-snouted  forms  of  Delphinus  sp.  in  the  east- 
em  Pacific  are  separated  geographically, 
since  many  of  my  long-snouted  forms  were 
collected  at  sites  only  2-5  nautical  miles  from 
some  of  the  collection  sites  for  the 
short-snouted  form.  Although  the  2  forms  are 
found  in  the  same  geographic  range,  herds  of 
the  2  types  do  not  appear  to  mix  and  have 
never  been  collected  together. 

The  long-snouted  form  firequent  areas 
inside  the  100-fathom  depth  contour  (Fig.  7). 
The  absence  of  a  long-snouted  form  in  the 
southern  end  of  the  range  is  probably  due 
more  to  a  lade  of  data  than  an  actual  absence 
of  this  variate  of  Delphinus  sp.  Anecdotal 
information  from  commercial  tuna  purse  seine 
fishermen  Irequently  refers  to  herds  of  very 
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large  while- belly  porpoise  close  to  shore  in 
the  waters  off  Costa  Rka,  which  they  call 
**untouchables"  since  they  are  rarely  captured 
in  the  seining  operation. 


I3B«  OO*  IIO»  "O"  90» 


Fio.  7.  -  Approximate  range  iinJ  Ji.siril>ution  of  shori-snou- 
ted  and  kNig-anouted  De^hinus  in  the  nortbciistem  Facifk. 
Distribution  pnilNibly  fluctuates  with  season  and  ftom  year  to 
S2      year  dependmg  on  water  temperatures  and  food  abundance. 


Two  apparent  hiatuses  occur  in  the  dis- 
tribution of  Delphimis  sp.  in  the  northeastern 
Pacific  between  latitudes  15°-20°N  and  lati- 
tudes 27''-32"N;  they  appear  to  divide  the  ani- 
mals into  a  bimodal  northern  and  a  unimodal 
southern  stodc.  The  samples  from  these  re- 
gions cannot  he  separated  on  the  basis  of  the 
ratio  of  rostrum  length  to  zygomatic  width. 
Total  overall  body  length  of  sexually  mature 
females  and  males,  however,  shows  a  signifi- 
cant difference.  The  mean  total  length  of  43 
females  from  the  southern  California  and  fiaja 
CaUfornia  samples  (north  of  20"N)  is  178.3  cm 
compared  to  a  mean  total  length  of  196.0  cm 
for  48  females  from  the  tropical  eastern  Pacific 
(south  of  15  N)  (Fig.  8).  A  similar  difference  is 
found  in  males  from  the  2  stocks.  Adult  male 
Delphimis  sp.  from  the  northern  stock  have  a 
mean  total  length  of  187.5  cm  as  compared  to  a 
mean  length  of  208  cm  for  males  from  the 
southern  stock  (Fig.  9). 

To  fiurther  define  the  differences  between 
the  various  geographical  stocks  a  stepwise 
discriminative  analysis  (Cooley  and  Lohnes, 
1962;  Dixon,  1964)  was  conducted  using  meas- 
urements of  skulls  from  the  4  stocks  sampled. 
These  were  the  short-snouted  southern  Cal- 
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Kui.  X.  B»)dy  lcnj;ili  ovi.Tall-lrcc|UL'ncv  hisu»!.'ram.  compa- 
ring sexually  maiurc  female  Delphinus  Trom  the  lemperaie 
eastcm  Pacific  and  the  tropical  caslcm  Pacific.  Sexual  matu- 
rity was  based  on  ihe  presence  of  at  least  one  ovarian  scar. 


Fiti.  9.  Length  overall-l'requency  hisitijiram.  comparing 
sexually  mature  male  Delphinus  from  the  temperate  and  tro- 
pical ea.slern  Pacific.  Sexual  maturity  was  ba&cd  on  a  single 
testes  weigh!  uf  >  100  grams. 


ifornia;  short-snouted  Baja  California: 
short-snouted,  tropical  eastern  Pacific:  and 
long-snouted,  neritic  stocks. 

Measurements  representing  those  ele- 
ments of  the  cranial  osteology  associated  with 
such  functions  as  hearing,  sound  production, 
vision,  feeding  and  respiration  were  selected 
(Perrin,  1972).  Because  of  limitations  in  the 
state  of  preparation  of  the  available  skeletal 
material  25  calvarium  measurements  were 
used  (Table  1,  Figs.  10-11).  Only  specimens 


Tabic  1.    Skull  morphometries 


Delphinus  skull  measurements  (mm) 


I 


to 


Condylo-basal  length        from  lip  of  rostrum 
posleriormosi  margin  of  iK-cipital  condyles. 

2.  Length  of  rostrum     from  tip  to  line  acn>ss  posterior- 
most  limits  of  antorbilal  notches. 

3.  Cireatesi  parietal  width,  within  post-temporal  fossae. 

4.  Greatest  preorbital  width. 

5.  Width  of  mstrum   at   base        along   line  across 
postcriormosi  limits  of  antorbilal  notches. 

6.  RiKirum  width  60  mm  from  line  across  p»isieriormi>M 
limits  of  antorbilal  notches. 

7.  Width  of  rostrum  at  midlcngth. 

8.  Width  of  rostrum  at  3/4  length,  measured  from 
pt>sleriorend. 

9.  Length  of  upper  left  tooth  row  -  from  posleriormosi 
margin  of  postcnomiost  alveolus  to  ttip  of  rostrum. 

10.  tiistance  from  tip  of  rostrum  to  internal  nares  (to  mesial 
end  of  piJNierior  margin  of  right  pterygoid). 
Greatest  postorbital  width. 
Length  of  antorhital  process  of  left  lacrimal. 
Greatest  length  of  left  post-tempt)ral  fossa,  measured  to 
crest  of  raised  suture. 

Greatest  width  4if  left  post-tempt^ral  fos.sa  at  right  ang- 
les to  greatest  length, 

Length  of  left  orbit     from  apex  of  preorbital  process 
of  frontal  to  apex  of  p»isti>rbiial  process. 
Minor  diameter  of  left  temporal  fossa  proper. 
Major  diameter  of  left  temporal  fossa  proper. 
Length  of  mandibular  fossa,  measured  to  mesial  rim  of 
inlemal  surface  of  condyle. 

Greatest  height  of  left  ramus  al  nghl  angles  to  greatest 
length. 

Length  of  lower  left  tooth  row'  -  from  posleriormosi 
margin  of  postcnomiosi  alveolus  to  tip  of  mandible 
21.  Greatest  length  of  left  ramus. 

Width  of  left  premaxilla.  measured  from  nasal  septum 
and  perpendicular  U)  main  axis  of  skull. 
Width  of  nghl  premaxilla.  measured  from  nasal  septum 
and  perpendicular  to  main  axis  of  skull. 
Greatest  width  of  external  nares. 


II. 

12. 
13. 

14. 

15. 

16. 
17, 
18. 

19. 

20. 


23 


24 
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skull  mcasurcmcnLs 
detineaied,  elemenis 
MS  and  21-24. 


witl^  more  than  4  postnatal  dentinal  layers  in 

the  teeth  were  used  in  the  variation  analyses  to 
avoid  biasing  the  results  with  ontogenetic 


dianges.  This  criterion  was  based  on  the  as- 
sumption that  the  growth  of  the  elements  in 
each  of  the  functional  units  of  the  skull  would 
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be  asymptotic  by  the  time  4  or  more  dentinal 
layers  had  been  laid  down.  This  was  observed 
in  the  2  species  of  SteneiUt  studied  by  Perrin. 
Further  restrictions  were  also  placed  on  the 
selection  of  specimens  to  be  used  in  the  test 
sample.  The  initial  analysb  was  a  comparison 
of  the  available  skull  measurements  for  repre- 
sentatives of  all  p<itentially  diflerent  stocks. 
The  small  sample  size  available  for  the  neritic, 
long-snonted  stock  limited  the  number  of  var- 
iables tested  to  16  In  order  to  correct  for  the 
wide  range  in  skull  length  and  potential  size 
differences  due  to  sex,  all  measurements  were 


taken  as  a  percentage  of  the  total  skull  length 
(oondyio-basal  length)  for  each  individual 
(Fig.  12) 

The  data  on  rostral  length  and  zygoma- 
tic width  (Figs.  5  and  6)  indicate  a  defmite 
separation  of  the  neritic  group  from  the  south- 
cm  California.  Baja  California,  and  tropical 
eastern  Pacific  slocks.  Although  less  obvious, 
there  is  also  a  signilkant  degree  of  separation 
between  each  ofthe  other  3  groups,  especially 
with  regard  to  the  size  of  the  left  temporal 
fossa,  which  is  identified  bv  Perrin  (1972)  as 
one  of  the  osteological  elements  of  the  skull  55 
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Flo.  12,  -  Scores  of 
discriminant  function  I 
(greatest  proportional 
post-orbiial  width) 
verNu,s  the  scwes  of 
discriminant  function  II 
(major  proportional 
diaimeterarihelen 
temporal  fossa),  for 
matched  samples  of  D 
delphis  representing  the 
southern  iii-snouled 
sttvk  <SoC  al).  Baja 
California  short -snouted 
Stock  (BajaX  tropical 
eaMem  PadTic 
diort-snouted  stock 
(Tropic)  and  the 
nrrihcrn  ncritic 
long-snouicd  stock 

(Neritk). 


associated  with  feeding.  As  in  the  case  of  Per- 

rin's   coastal    form    of   S.    attennato.  the 

gost-temporal  fossa  is  larger  in  the  neritic  and 
aja  California  fonns  tnan  in  the  southern 
California  and  southern  (eastern  tropical  Pa- 
cific) forms  ot  Delphinus  sp.  Data  on  the  diet 
for  this  species  of  delphinid  from  Pacific  wa- 
ters are  sparse  or  non-existent  except  in  the 
case  of  the  southern  California  stock  (Fitdi 
and  Brownell,  1968).  If,  however,  one  assumes 
that  the  types  of  food  organisms  consumed  by 
the  various  geographic  stocks  of  Delphinus  sp. 
remain  similar  at  least  to  family  if  not  to  genus 
and  species,  it  is  reasonable  to  hypothesize  that 
modifications  of  the  feeding  apparatus  as  well 
as  the  feeding  strategy  would  occur  from  north- 
ern to  southern  waters.  The  water  masses 
and  the  associated  midwater  fish  fauna  of  the 
northeastern  Pacific  not  only  change  signifi- 
cantly from  southern  California  waters  to  the 
waters  of  the  tropical  eastern  Pacific,  but  tiie 
distribution  of  suitable  food  species  also  var- 


ies, becoming  discontinuous  in  the  southern 
portion  of  the  range  of  Delphinus  sp.  (Robin- 
son, 1972;  Briggs,  1974). 

Since  onfy  16  of  the  potential  24  ele- 
ments were  used  m  the  above  analysis  due  to 
limitations  in  specimens  available  from  the 
neritic  stock,  and  additonal  discnminative 
analysis  was  conducted  using  23  of  the  vari- 
ables. This  time  only  the  southern  California 
(SoCal),  the  Baja  California  (Baja),  and  tropi- 
cal eastern  Pacific  (Tropic)  samples  were  con- 
sidered. To  minimize  the  potential  effect  of  sex 
and  size  (from  Figs.  8-9  the  overall  length  of 
the  tropical  eastern  Pacific  sample  differen- 
tiates them  from  the  other  2  groups  under 
consideration),  only  females  were  used.  These 
were  paired  by  length  class,  and  all  cranial 
measurements  were  taken  as  a  percentage  of 
length  overall.  Although  these  restrictions 
placed  great  limitations  <mi  the  size  of  the 
sample  (n  for  each  group  reduced  to  7)  greater 
conndence  can  be  placed  on  the  validity  of  the 


Copyrighted  malBi  I. 


THE  COMMON  DOLPHIN  IN  THE  NORTHEASTERN  PACIFIC 


results.  The  separation  of  the  3  short-snouted 
stocks  was  more  obvious  (Fig.  13).  The  2  most 
significant  discriminating  factors  were  among 
those  excluded  in  the  previous  analysis  and 
represent  the  functional  group  complexly  as- 
sociated with  sound  production  and  respira- 
tion: (I)  width  of  the  right  premaxilla,  meas- 
ured from  the  nasal  septum  and  perpendicu- 
lar to  the  main  axis  of  the  skull,  and  (11)  great- 
est width  of  the  external  nares.  If  the  currently 
popular  theories  on  the  mechanisms  of  sound 
production  are  accurate,  the  differences  in  the 
size  and  relationship  of  these  2  osteological 
characters  could  be  associated  with  variations 
in  vocalization  between  these  3  stocks  (Evans 
and  Prescott.  1962;  Evans,  Sutherland  and 
Beil.  1964;  Norris,  1968,  1969;  Norris  et  al., 
1971;  Evans,  1973;  Evans  and  Maderson, 
1973:  Dormer,  1974).  Significant  differences 
in  the  types  of  sounds  or  calls  produced  could 
result  in  eftcctive  social  isolation  of  the  3 
short-snouted  stocks  (Mayr,  1970;  Wynne- 
Edwards,  1962). 


It  is  clear  that  the  4  stocks  examined  so 
far  differ  from  each  other.  Now  let  us  examine 
variation  within  stocks.  Although  the  number 
of  samples  is  small,  it  is  possible  to  compare  2 
groups  of  data  on  specimens  from  2  herds 
which  were  assumed  to  represent  different 
groups,  since  they  were  collected  at  different 
times  of  the  year  and  were  different  in  size, 
composition,  behaviour  and  coloration.  Fif- 
teen skull  measurements  from  5  females  col- 
lected from  1  herd  in  June  1971,  at  32"50'N, 
117"20'W,  were  compared  with  those  from  5 
females  collected  from  1  herd  in  September 
i971,at32"40'N,  117"30'W(Fig.  14).  Although 
an  exact  definition  of  what  constitutes  a 
''herd'*  in  the  case  of  delphinids  does  not  exist, 
except  for  the  recent  essay  by  Norris  and  Dohl 
(1975),  the  data  from  the  present  analysis 
strongly  suggest  tiiat  at  the  veiy  least  the  con- 
cept  of  herd  for  Delphinus  sp.  certainly  in- 
cludes local  discrete  breeding  populations 
representing  a  single  limited  gene  pool  within 
the  various  stocl^  being  discussed.  Further 


!  Ki  13  Sciiresof 
tiiscriniinanl  function  I 
(proportional  widlh  ol" 
die  ngbt  premaxilla^ 
meuured  riom  the 
nual  septum  and 
papoMnciilwtoihe 
mam  axis  oTlhe  sfcnM) 
\  crMis  scores  of 
ciLMjrimin.ini  function  II 
(urcak'si  pri![X)njonal 
width  ot  the  external 
nares)  for  matched 
samples  of  female 
Delphinus  representing 
the  souibem  Califomia 
(SoCal).  Baja  CtHHbrm 
(Baja)  and  the  tropical 
eastern  Pacific  (Tropic) 
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analyses  based  on  more  extensive  data  are  cur- 
rently bein^  prepared.  If  they  substantiate 
these  preHminaryTesulfs,  the  final  outcome  will 
have  an  important  impact  not  only  on  our 
understanding  of  the  term  "school"  as  it  ap- 
plies to  delphinids,  but,  more  importantly,  to 
managffnent  and  conservation  approaches. 

At  present,  because  of  the  variability 
demonstrated  within  stocks,  it  would  be  pre- 
mature to  suggest  any  change  in  the  current 
taxonomic  nomenclature  of  D.  de^iis  in  the 
n(Htheastera  VaaSic.  More  detailed  study  of 
the  extensive  samples  of  osteological  material 
available  trom  the  4  groups  previously  men- 
tioned, which  is  now  underway,  may  change 
this,  especially  in  the  case  of  the  neritic 
long-snouted  stock,  which  may  warrant  at  least 
sub-specific  status.  I  feel,  however,  that  we  can 
accept  the  existence  of  at  least  4  separate 
stocks  of  D.  delphis  in  the  coastal  and  onshore 
waters  of  the  northeastern  Pacific:  (i)  a  south- 
em  Calilbmia  short-snouted  stoclc,  north  of 
32*N;  (ii)  a  Baja  California  short-snouted 
stock.  28'-30"N;  (iii)  a  southern  short-snouted 
stock,  south  of  15"N  and  (iv)  a  northern  neritic 
long-snouled  stock,  north  of  20''N. 


Delphinus  sp.  in  Southern  California 
walen 


Relative  abundance 

In  1962  during  research  cruises  in  south- 
ern Califomian  waters,  the  author  started 
noting  the  locations,  direction  of  movement 
and  size  of  herds  of  Delphinus  sp.  On  many 
occasions  additional  data  including  bathy- 
thermographs, sound  recordings  and  beha- 
vioural observations  were  also  collected.  Al- 
though the  effort  was  modest  in  terms  of  area 
covered  and  was  not  planned  as  a  formal  sur- 
vey or  census,  certain  impressions  as  to  the 
distribution  and  numbers  of  Delphinus  sp.  m 
die  coastal  waters  of  southern  California 
emerged  as  the  data  accumulated:  herds  of 


Delphinus  sp.  were  present  throughout  the 
year;  the  size  of  herds  varied  from  10-30  to 
3000-4000  mdividuals;  Delphinus  sp.  were 
not  randomly  distributed,  out  were  Ibnnd 
consistently  in  specific  areas.  These  observa- 
tions led  to  the  start  of  an  aerial  survey  study  m 
Fetmiary  1968.  One  flight  per  month  was 
made,  using  commercial  fixed-  and  rotary- 
wing  aircraft.  The  siirvev  tracks  (i.e..  a  set  of 
predetermined  ilight  patterns)  were  selected  at 
random  but  were  modified  on  occasion  to 
avoid  areas  of  naval  operation.  They  are  as- 
sumed to  have  sampled  the  entire  study  area 
adequately.  Data  on  time  of  sighting,  location, 
size  of  herd,  direcdon  of  movement,  and  ge- 
neral behaviour  of  the  herd,  sea  state  and 
weather,  were  recorded  and  photographs  were 
taken.  The  altitude  of  the  survey  flights  varied 
between  150  and  300m,  depending  on  the  type 
of  aircraft  used,  sea  state,  and  weather  condi- 
tions. The  studv  area  of  approximately  20  000 
square  nautical  miles  was  divided  into  100 
square  nautical  mile  sectors  for  the  purpose  of 
analysis  (Fig.  15).  On  all  the  survey  flights, 
areas  or  sectors  in  which  no  sightings  were 
made  were  recorded  as  well  as  records  of 
sightings.  The  major  shortcoming  of  this  sur- 
vey effort  was  that  consistent  estimates  of  the 
distance  al  which  a  herd  was  sighted  were  not 
made.  However,  the  average  sighting  distance 
was  ^  1.5  nautical  miles  on  either  side  of  the 
aircraft.  Thus,  the  area  censused  was  assumed 
to  be  a  corndor  3  nautical  miles  in  width,  per- 
pendicular to  the  direction  of  the  aircraft. 

The  monthly  surveys  and  the  knowledge 
gained  from  radio  tracking  showed  that  herds 
of  Delphinus  sp.  were  extremely  mobile,  but 
not  randomly  distributed  (Evans,  1971, 1974). 
Because  of  this  mobility  and  n on -random  dis- 
tribution, and  because  numbers  of  individuals 
per  herd  varied  from  5  to  3  000,  it  was  decided 
that  line  transect  theory  (Seber,  1973)  used  by 
the  NMFS  Southwest  Fisheries  Center,  La 
Jolla.  California  (Perrin,  Smith  and  Sakagawa, 
1974;  Smith,  1975,  Southwest  Fisheries  Cen- 
ter, 1976)  to  estimate  delphinid  ix>pulation 
size,  could  not  be  applied  in  this  case. 

Nevertheless,  the  surveys  have  provided 
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Fig.  14.    Stva-.  rf 
discnminani  lusicuon  1 
(proportional  width  of 
the  rostrum  at 
midlen^ih)  versus ! 
of  discnnuoaotfiii 
II  (proportknnl  width 
of  the  external  narcs) 
for  matulicd  s.implcs  of 
female  Dclphinus  Irom 
two  separate  herds  in 
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Fici.  16.  -  Rclaiive  abundance  1)1  OW/>/i/rti/.v  in  the  M>ulhcrn 
California  Continental  Borderland  by  munlh:  total  area  sur- 
veyed (distance  flown  x  3  nautical  miles)  divided  by  the  esti- 
mate of  the  number  of  Delphinus  seen. 


some  interesting  insights  into  the  variability  of 
the  movements  of  Delphinus  sp.  within  the 
southern  Cahfomia  continental  borderland. 
By  dividing  the  number  of  animals  seen  each 
month  into  the  area  censused  (nautical  miles 
flow  X  3),  a  relative  monthly  index  of  abund- 
ance was  obtained: 

area  censused /month 

Index  of  Abundance  =  —  ; — -. — ;  

estmiated  animals  seen 

The  data  indicate  that  the  numbers  Delphi- 
nus sp.  present  peaked  in  January,  June  and 
September-October  (Fig.  16).  Since  the  area 
surveyed  represents  a  small  percentage  of  the 
total  range  of  the  species,  it  is  reasonable  to 
assume  that  the  fluctuations  in  abundance 
indicate  seasonal  movements  into  and  out  of 
the  study  area. 

Hfrd  movement 

On  each  flight,  the  direction  of  move- 
ment of  all  herds  observed  was  noted.  Most  of 
the  methods,  such  as  that  of  Batschelet  (1965), 
which  could  be  used  to  determine  whether  the 
movements  of  Delphinus  sp.  herds  in  the  south- 
em  California  study  area  were  random  or 
non-random,  demand  data  in  a  format  not 


available  from  this  study,  for  example,  quan- 
tification of  movement  from  a  home  range. 
However,  Batschelet  (1972)  suggests  a  modifi- 
ed form  of  a  test  proposed  by  Ajne,  which  is 
not  limited  by  such  restrictions. 

The  Ajne  test  predicts  the  uniformity  of 
a  circular  distribution  and  in  the  modified 
form  assumes  a  null  hypothesis  of  a  uniform 
distribution  of  vectors.  The  test  procedure 
involves  a  circular  plot.  A  straight  line  /  is 
drawn  through  the  centre  of  the  circle  and 
rotated  to  minimize  the  number  of  sample 
points  on  one  side.  The  minimum  number  is 
denoted  by  K  and  used  as  the  test  statistic.  If  K 
is  small  relative  to  the  sample  size  n.  the  null 
hypothesis  of  a  uniform  distribution  is  reject- 
ed. The  analyses  using  this  test  indicate  that  on 
an  annual  basis  the  direction  of  movement 
within  the  study  area  is  random.  However,  the 
direction  of  movement  by  month  is  non-ran- 
dom at  confidence  levels  beyond  .05.  A 
graphic  representation  summarizing  these 
results  with  the  year  divided  into  2  separate 
semesters  is  presented  in  Fig.  17. 

These  data,  along  with  data  on  the  po- 
tential speed  of  net  movement  of  a  herd  de- 
termined by  radio  tracking,  provide  some 
information  as  to  factors  contributing  to  the 
variability  of  monthly  abundance  of  Delphinus 
sp.  in  the  southern  California  continental  bor- 
derland. Radiotelemetric  data  indicate  speeds 
of  net  movement  of  0.77  to  3.20  nautical  miles 
per  hour.  This  mobility  could  easily  move 
herds  completely  outside  the  limits  of  the  ae- 
rial survey  area  within  a  few  days.  As  an 
example,  a  female  Delphinus  sp.  was  captured 
by  the  MV  San  Juan,  tagged  with  a  radio 
transmitter,  released,  and  tracked  for  72  hours. 
The  direction  of  net  movement  was  south  by 
southwest  at  a  net  speed  of  2.40  nautical  miles 
per  hour.  Ten  days  after  the  animal's  release,  it 
was  resighted  by  a  commercial  sport  fishing 
boat  off  the  coast  of  Baja  California,  Mexico 
(Ranger  Bank),  approximately  270  nautical 
miles  from  the  point  of  release,  in  a  herd  of 
200-300  individuals  still  heading  south  by 
southwest.  This  location  was  well  outside  the 
southern  boundary  of  the  study  area. 
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Rg.  17.     Direction  of 
movement  of  Delphinu.\ 
oui  of  the  stiuihem 
California  Cuntincnlal 
Borderland  from  July  to 
November 

(summer/fall  semester) 
and  December  to  June 
(winter/spring 
semester). 


Discussion 


This  study  has  revealed  a  variety  of  fac- 
ets of  the  life  history  and  behaviour  of  the 
common  dolphin.  Cetaceans,  because  of  their 
size,  mobility  and  habitat,  do  not  lend  them- 
selves to  comprehensive  life  history  studies, 
but  through  aircraft  spotting  and  survey 
techniques  and  through  observer  data  from 
tuna  vessels  the  outlines  of  seasonal  and  daily 
movement  and  distribution  were  learned.  In 
addition,  4  separate  stocks  of  Delphinus  sp. 


distributed  from  north  to  south  in  the  north- 
eastern Pacific  were  identified.  Each  of  these 
is  characterized  by  features  of  morphology, 
and  behaviour  that  appear  to  be  clinal  at 
transition  zones.  Stocks  also  occur  that  may  be 
isolated  (nerilic  long-snouted  forms,  tropical 
short-snouted  forms). 

This  study  presents  data  on  some  aspects 
of  the  natural  history  of  the  common  dolphin 
considered  by  Bartholomew  (1974)  to  be  im- 
portant in  formulating  biologically  sound  man- 
agement practices  for  marine  mammals.  Re- 
cently, research  on  smaller  cetaceans  has  61 


laterial 


W£.  EVANS 


begun  to  use  as  its  point  of  departure  available 
data  on  the  ecologA^  and  social  behaviour  of 
other  large  mammaB  and  of  other  herding  and 
flockins  vertebrates.  Both  of  these  a(>pear 
more  directly  applicable  to  the  studv  of  marine 
mammals  than  data  which  have  been  derived 
from  fisheries  biology.  As  an  example,  some  of 
the  concepts  and  methodologies  uwd  by  Cody 
(1971)  in  the  study  of  mixed  aggregations  of 
Hocking  birds  in  the  Mojave  Desert  are  more 
meaningful  in  studying  delphinids  than 
models  based  on  fish  schools.  In  .southern  Ca- 
Ufornia  waters,  tor  instance,  herds  of  Delphi - 
nus  sp.  are  not  randomly  distributed.  Herds 
apparently  move  freely  throughout  the  south- 
em  California  continental  borderland,  lo- 
cating highlv  productive  feeding  areas,  ex- 
ploiting them,  and  then  moving  on  in  search  of 
new  feeding  grounds.  This  behaviour  and  the 
areas  of  "preference"  vary  as  a  function  of  the 
time  of  year.  Similar  behaviour  has  been  ob- 
served by  N orris  and  Dohl  (1975)  for  S.  longi- 
rostiis  in  Hawaiian  waters. 

The  mortality  of  Dclphinm  sp.  incidental 
to  tuna  purse-seining  operations  has  always 
ranked  third  in  numbers  to  that  of  the  2  species 
of  Stenella  involved  in  the  yellow-fin  tuna 
purse-seine  fishery  (Perrin,  1969.  1972, 
1974;  Southwest  Fisheries  Center,  1976). 

From  observer  data  in  1971,  two  sets 
(2.9  %  of  the  total  observed  sets)  on  Delphinus 
sp.  resulted  in  an  estimated  incidental  mortal- 
ity of 4  200  individuals.  In  1972  this  increased 
to  23  sets  involving  Delphinus  sp.  (8  %  of  total 
observed  sets)  and  a  projected  mortality  of 
9  000  individuals.  The  data  for  1973  increased 
concern  for  the  eastern  Pacific  Delphinus  sp. 
stocks.  One  hundred  and  five  sete  (IS  %  of 
total  observed)  included  Delphinus  sp. ;  86  %  of 
these  sets  were  south  of  15"N  and  14  ^  were 
north  of  20"N.  Based  on  the  number  of  Del- 
phinm  sp.  mortalities  observed  in  this  sample, 
a  projected  estimated  kill  of  23  000  individuals 
was  made,  to  include  all  boats  for  the  entire 
year.  The  incidental  mortality  statistics  for 
1974  indicated  a  significant  decrease  (4000) 
compared  to  1973  based  on  data  fYom  142  sets 
(14  %  of  total  observed).  The  1975,  1976  data 


indicate  a  similar  level  of  effort  involving 
Delphinus  sp.  with  projected  mortalities  of  ap- 
proximately 8  000  animals. 

Eadi  year,  observer  data  have  expanded 
the  known  range  of  this  species.  The  known 
distribution  of  Delphinus  sp.  in  the  eastern 
Pacific  througli  1974  has  been  illustnted  in 
Figs.  2  and  7.  Several  research  cruises  in  1975 
and  1976  verified  the  presence  of  large  herds 
of  Delphinus  sp.  in  otlshore  equatorial  waters, 
0"  to  TO*  south  and  as  far  west  as  125*W.  The 
field  observations  indicate  that  this  stock  is 
separate  from  the  stocks  observed  in  the  vi- 
cinity of  the  Galapagos  Islands  and  the  Gulf  of 
Panama.  Tentatively  we  are  identifying  it  as 
the  equatorial-oceanic  stock.  A  map  delineat- 
ing the  stocks  potentiallv  involved  in  the  fish- 
ery IS  presented  in  Fig.  18.  Morphologically, 
the  northern  stock  is  quite  distinct  from  the 
central  and  southern  stocks  (see  Figs  8,  9  and 
13).  The  distinction  between  the  central,  .south- 
em  and  equatorial-oceanic  stocks  at  present 
is  only  based  on  distributional  data.  Whether 
these  range  extensions  ;ire  a  result  of  increased 
observer  effort  or  a  recent  shiftmg  of  the  Del- 


V\Q.  18  l'iii[nised  slocks  of  th-iphmus  Sp,  in  the  Uopical 
eastern  Pai.  illc  ( )ccan.  Tlic  Norihcm  sliK'k  is IDOrpholO^kaBy 
distinct  from  the  Central/Southern  stocks. 


Copy  lighted  mat 


THE  COMMON  DOLPHIN  IN  THE  NORTHEASTERN  PACinC 


phinus  sp.  population  is  open  tor  speculation. 
It  is  evident  that  this  species  is  highly  mobile 
and  distributed  worldwide  over  a  wide  range 
of  water  temperatures  (10"-28"C).  It  appears  to 
adapt  readily  to  a  wide  range  of  ocean  habitat 
types,  from  the  neritic  zone  of  Baja  California. 
Mexico,  and  essentially  enclosed  bodies  of 
water  such  as  the  Black  Sea,  to  the  equatorial 
otlshore  waters  of  the  Eastern  Pacific.  The 
questioii  aiues  as  to  the  population  response 
of  Delphimts  sp.  as  the  numbers  within  the 
populatioiis  of  neighbouring  q>ecies  of  Ste- 


nella  decrease.  Docs  this  provide  an  opening  in 
the  carry  ing  capacity  of  the  tropical  eastern 
Pacific  into  whidi  lUlphiRus  sp.  can  move?  If 
\e!l(>w-fin  tuna  seek  cnit  association  with  del- 
phinids,  is  it  possible  that  Delphinus  sp.,  which 
is  not  normally  a  preferred  animal,  may  be 
■'recruited**  by  schools  of  fish  as  herds  of  pre- 
ferred companions  (species  of  Sienella)  de- 
crease in  numbers?  In  any  of  these  cases  the 
oontiiiued  involvemeiit  ciDehhinus  sp.  in  the 
yellow-fin  tuna  purse-seine  fishery  seems  as- 
sured. 
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ThK  paper  reports  progres  on  assessing  the  status  of  three  populations  of  two  species  of 

dolphins  of  the  genus  SienelUt  involved  in  the  purse-seine  fishcn  for  tuna  in  the  eastern 
tropical  Pacific  Ocean.  The  types  of  data  used,  the  methods  used  to  collect  and  analyse  them 
and  the  main  assumptions  and  other  sources  of  unoenainty  in  the  study  -  as  well  as  the 

measores  taken  in  some  ca^-cs  to  account  for  these      arc  summari/ed 

The  size  of  the  population  of  offshore  spotted  dolphms  (S.  aitenuaia  sub-species)  in  1974 
was  first  estimated  to  be  2.3-4.9  million,  based  on  an  aerial  survey.  The  annual  capacity  for 
increase  (total  hlrths  minus  natural  deaths)  was  estimated  to  be  1.4-4.0  T .  and  the  annua!  rate 
(tf  observed  incidental  mortality,  based  on  an  estimated  kill  in  1974  of  79  900-97  30U  anmials, 
was  estimated  to  be  1.6-4.2  %.  Comparison  of  these  rates  indicated  that  thenumber  of  spirted 
dolphins  killed  in  the  fishery"  in  1974  was  at  or  near  Ihc  population  available  after  natural 
mortality.  Revised  estimates  for  1974  give  a  population  size  between  3.1-3.S  million  dolphins 
(a  preferred,  central  estimate  from  a  lar<ger  range),  of  which  72  000  were  killed  in  the  tuna 
fishery  -  this  gives  an  incidental  fishing  mortality  rate  of  2.1-2.3  '?  This  rate  was  compared 
with  the  annual  capacity  for  increase  as  originalK  estimated  and  with  an  independently 
figured  estimate  of  the  incidental  mortality  rate  the  population  could  tolerate.  The  population 
size  of  a  second  dolphin  involved  in  the  tuna  fishery,  the  eastern  spinner  dolphin  (.V.  longiro- 
«irb  sub-species)  was  given  in  revised  estimates  to  be  between  1.1-1.2  million  (also  a  preferred, 
central  estimate).  The  number  of  animals  killed  inddentaOy  in  1974  was  estimated  to  be 
21  000  animals.  The  resulting  incidental  mortality  rate,  1.8-1.9  %.  was  compared  with  an 
estimated  annual  reproductive  rate  of  8.3  %,  the  low  value  of  which  indicates  no  apparent 
response  of  the  population  to  exploitation.  For  both  the  offshore  spotted  dolphin  and  the 
eastern  qpinnnr  dal|diin,  the  revised  estimates  indicate  that  if  the  sizc^  r\  their  populations 
were  increasing  or  decreasing  under  the  levels  of  fishing  mortality  in  1974.  they  were  probably 
doing  so  at  low  rates.  The  impact  of  the  tuna  fishety  on  the  whitebelly  spinner  population  (S. 
lorii^irusiris  sub-spccics)  has  not  yet  been  assessed.  There  is  a  need  for  increased  acquisition  of 
relevant  biological  and  catch  data,  expanded  surveys  of  population  size  and  estimation  of 
certain  life  history  parameters. 


Les  auteurs  rendent  compie  des  progres  accomplis  dans  revaluation  de  T^tat  de  trois 
populations  de  deux  espies  de  dauphins  du  genre  SieneHa  touch6es  par  la  p&che  des  thonidte 
i  la  senne  ooulissante  dans  le  secteur  est  du  Pacifique  tropical.  Un  resume  porte  sur  les  types  67 
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de  donnies  iitilis^es  ainsi  que  Icurs  mcthodcs  dc  rasscmblcmcnt  cl  d'analysc.  Ics  principales 
hypoth^s  et  les  autres  sources  d'incertitude,  de  meme  que  les  mesurcs  phscs  dans  certains 
cas  pouren  tenir  compio. 

La  population  dc  dauphins  tachctds  (sous-espiJcc  de  V  atienuata)  du  large  a  d'ahonl  et6 
estim^e  en  1974  a  2,3-4,9  millions  d'animaux  d'aprcs  unc  cnquctc  acricnnc.  La  capacity 
annuetle  d'accroissement  (nombre  total  des  naissances  moins  nombre  de  morts  natureOes) 
itait  cstimdc  h  1.4-4  %  ct  Ic  taux  annuel  de  la  mortality  accidentelle  observie,  fondc  sur  iino 
estimalion  des  morts  de  79  900-97  300  animaux  en  1974,  ^tait  ivalu6  a  1,6-4,2  %.  La  cumpa- 
ratson  de  ces  taux  indique  que  le  nombre  de  dauphins  ladietfs  tats  dans  les  pCches  en  1974 
dtait  6gal  ou  presque  cgal  a  I'cxcddcnt  dc  production.  La  revision  des  estimations  p<iur  1974 
fait  apparaitre  unc  laille  de  pupuiaiion  de  3,1-3,5  millions  de  dauphins  (estimation  centrale 
prtfihvntielle  dans  tme  gamme  plus  large),  dont  72  000  ttaient  lute  dans  ks  optetions  de 
pcche  au  thon  ce  qui  donne  un  taux  de  mortalilc  par  pcchc  accc^sdirc  dc  2,1-2,3  Cc  taux 
a  die  compare  k  la  capacity  aonuelle  d'accroissement  estimee  k  I'ongme  et  avcc  unc  evaluation 
chifMe,  ind^pendante,  du  taux  de  mortalitd  aooessoiie  que  la  population  peut  supporter.  La 
taille  de  la  population  d*un  second  dauphin  touchd  par  la  pdche  au  thon.  le  dauphin  a  Iohl'  bee 
(sous-esp&ce  de  5.  longirosiris),  a  ete  indiqu^e,  dans  des  estimations  r^vistes,  commc  eiani  dc 
1,1-1,2  million  d*animaux  (ici  aussi,  une  estimation  centrale  prfiflirentietle).  Le  nomtne  de 
dauphins  tuesaccessoiremcnt  en  1974dlaitcstimdi  21  000.  Le  taux  de  mortality  acccssuiic  qui 
en  r^sulte  (1,8-1,9  %)  a  etc  compare  a  I  cstimation  du  taux  annuel  dc  reproduction  dc  8,3  % 
dont  la  faible  valeur  indiquc  que  la  population  ne  r^agit  apparemment  pas  k  rexploitation. 
Pour  les  deux  espices  de  dauphins,  les  estimations  r^vis^es  indiqucni  que  si  la  laillc  dc  leur 
population  augmenlait  ou  diminuait,  compte  tenu  des  niveaux  de  mortality  par  capture  de 
1974,  ces  taux  itaient  probablement  faibles.  On  n'a  pas  encore  b/aXxxt  Timpact  de  la  pft^  aa 
thon  stir  la  population  de  dauphins  *Vhite  belly"  a  long  bee  (sous-esptoe  de  S.  lonprostris).  11 
est  necessairc  de  rasscmblcr  un  plus  srrand  nombre  de  donnees  sur  la  biologic  et  les  captures, 
d  elargir  Ics  enquetes  sur  la  taiUc  des  populations  et  d'ctYcctucr  Tcstimation  de  certains 
paraffltoes  du  cyde  bjotogique. 

Extrmet0 

Se  informa  sobre  k>s  progresos  realizados  en  la  evaluaci6n  de  la  situation  de  trcs 
pobladoncs  de  dos  especies  de  delflnes  del  g^nero  Stenella  que  se  capturan  accidenialmente 
en  la  pesqueria  de  cerco  de  aiun  de  la  parte  oriental  del  Padfioo  tropical.  Se  resumen  los  dates 
utili/ados.  los  nicu id<'s  L-mpicados  para  rccogcrlos  y  analiiarioa  y  las  jMindpales  li^>dtesis y 
otras  fuentes  de  incertidumbre»  asl  como  las  medidas  tomadas  ca  alguno*  casos  pan  lener 
estas  ultimas  en  cuenta. 

La  pohkicion  de  dcUioes  molcados  dc  media  altura  (subespecie  de  S.  otteimiUa}  se 
estim6  en  1974,  por  primera  vez,  en  2,3-4,9  millones.  sobre  la  base  de  un  reconocimiento 
diTCo.  La  capacidad  anual  de  aumento  (nacimientos  totales  menos  muertes  naturalcs)  se 
estimo  en  1,4-4,0  por  ciento.  y  el  indice  anual  de  mortaUdad  accidental  se  ha  calculado  en 
1,6-4,2  por  ciento.  sobre  la  base  dc  las  estimaciones  de  los  animales  muertns  accidentalmcnte 
en  1974(79  900-97  300).  Coniparando  esos  indices  se  llega  a  la  conclusion  de  que  el  numcrt)dc 
delflnes  moteados  que  se  capiuraron  en  la  pesqueria  en  1974  correspondla  a  la  ptoducddn 
cxcedcniaria  o  se  accrcaba  mucho  a  c!!a  I  as  estimaciones  rcvisadas  corTCsp(>ndicntes  a  1974 
arrojan  una  poblacion  de  3,1  a  3,3  milloncs  dc  dclfmcs  (cstimacion  central,  preterida,  obte- 
nlda  a  partir  de  una  zona  de  distribuci6n  ampUa),  de  los  que  72  000  resultaron  muertos  en 
la  pesqueria  dc  atiin,  lo  que  da  una  mortalidad  accidental  por  pcsca  de  2.I  -2..1  por  ciento.  Se 
comparb  luego  esc  indice  con  la  capacidad  anual  de  aumento  tal  como  se  habia  estimado 
originalmente  y  oon  una  estimadAn  hedia  indepeniiienlemeiile  de  la  mortalidad  accidental 
que  la  poblacidn  podn'a  tolerar.  Por  lo  que  se  refiere  a  la  poblacion  del  oiro  delfin  que  se 
68      encuenira  tambi^n  en  la  pesqueria  de  atun,  el  dellln  hilador  onenial  (subespecie  de  S. 
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hngiroslris),  las  estimaciones  revisadas  de  su  poblaci5n  arrojan  cifras  de  1. 1 -2. 1  millones  (se 
tfBta  tambiin  de  una  esUmacidn  central).  HI  numero  de  animales  que  muheron  aoddental- 
mente  en  1974  se  ha  estimado  en  21 000.  La  mortalidad  accidental  consiguiente  (1,8-1,9  por 
t  ientd)  sc  comparo  con  un  indicc  anual  estimado  dc  rcpr()ducci<)n  dc  8,3  por  cicnlo.  que.  al  ser 
tan  bajo,  indica  que  no  existe  respuesta  aparente  de  la  poblaci6n  a  la  explotaci6n.  Tanto  por  lo 
que  se  nrfiere  al  delfin  moteado  oomo  al  deflln  hilador  orienial,  las  esthnaciones  revisadas 
indican  que.  si  en  1974  la  poblacidn  estaba  aumentando  o  disminuyendo  por  debajo  de  los 
limites  de  mortalidad  por  pcsca.  probablemente  ese  aumenio  o  disminuci6n  era  muy  lento. 
Las  rcpercusiones  de  la  pesqueria  dc  atiin  en  la  poblaci6n  de  delfin  hilador  de  vienire  bianco 
(subespecie  de  5'.  longirosiris)  no  se  han  evaluado  aiin.  Es  necesario  reooger  m^  datos 
biol6gicos  V  (le  captura.  haccr  mas  rcconocimienios  de  la  poUacidn  y  hacer  estimaciones  de 
algunos  paranieiros  de  su  cido  vital. 


ny  V   ^ — ■  y  -  ■ 

Southwest  Fisheries  CaUer,  Natimul  Mariite  Fisheries  Service,  P.O.  Bex  271,  LaJofh,  CaU- 

fornia  920J8.  USA 

T.D.  Smith 

SoMhwesi  Fisheries  Center,  National  Marine  Fisheries  Service,  P.O.  Box  271,  LaJoUa,  Cali- 
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IttfrodiKtiiNi 


Tuna  fishermen  in  the  eastern  tropical 
Pacific  kill  dolphins  incidentally  in  the  course 
of  their  seining  operations  (Perrin,  1969; 
NOAA,  1972).  About  3  yean  ago,  we  set  out  to 
assess  the  impact  of  this  on  the  dolphin  popu- 
lations. 

This  report  is  a  very  brief  summary  of 
portions  of  a  draft  report  entitled  The  por- 

poise-tuna  problem:  review  of  research  pro- 
gress" (draft  title),  which  was  written  at  this 
laboratory  in  August-September  1974,  and 
was  made  avaikble  to  the  public  by  the  Na- 
tional Marine  Fisheries  Service  (NMFS)  in 
October  1974  There  have  since  been  adjust- 
ments and  corrections  to  the  material  in  that 
report,  mainly  because  we  were  working  with 
pretiminaiy  1974  estimates  that  changed  as  the 
year  progressed.  Details  of  the  data  and  ana- 
lyses referred  to  in  this  paper  are  in  the  draft 
report  Revised  1976  estimates  of  1974  figures 
have  been  used  in  the  relevant  sections  and 
were  derived  from  NOAA  (1975).' 


Methods 


General  approach 

Our  chief  goal  in  assessing  the  impact  of 
the  fishery  was  to  establish  whether  or  not  the 
populations  are  declining.  We  have  done  this 
by  comparing  estimated  exploitation  rale 
(number  incidentally  killed  -e-  population  size) 
with  capacity  for  increase  (in  simplistic  terms, 
birth  rate  minus  natural  death  rate).  The 
inputs  into  these  2  basic  parameters  are  laid 


'  Since  this  rcpi)rt  was  written  ( 1974)  and  rc\  iscd  (  I  ')7f>) 
a  rcpon  of  furlhcr  asseiisincnls  of  status  of  Sicncllti  ^Iih  ks  m 
the  eastern  tropical  Padfk  has  been  issued:  Rtp  rt  of  the 
Workshop  oa  Stock  Assessment  of  Potpoises  involved  in  the 
Eastern  Pacific  YeUowfin  Ttma  Rsbeiy.  Soudiwest  Fisheries 
Center,  Admia.  Rep.  La  Mia,  CA,  Sept  197«. 


out  in  the  flow  diagram  (Fig.  I ).  Incidental  kill 
was  estimated  from  the  landings  of  yellowfin 
ttma  fix>m  dolphin  schools,  the  number  of  net 
sets,  and  an  estimate  of  average  kill  per  set. 
Population  size  was  estimated  from  den- 
sity estimates  extrapolated  to  known  range. 
Capacity  for  increase  was  calculated  from 
estimates  of  reproductive  parameters  in  the 
exploited  eastern  Pacific  population  and  of 
natural  mortality  rates  m  the  relatively  unex- 
ploited  western  Pacific  population. 

Two  forms  of  Stenella  altenuala  and  3  of 
S.  lon^irostris  exist  in  the  eastern  Pacific.  The  I 
distributions  and  bases  for  separation  of  these  i 
forms  and  their  relative  importances  in  the  ' 
fisher)  have  been  described  previously  (Per- 
rin.  1975).  We  have  concentrated  on  assessing 
the  status  of  the  most  important  form,  the  off- 
shore spotted  dolphin  (Table  1).  We  also  gave 
major  attention  to  the  eastern  spinner  dolphin, 
but  have  so  far  only  estimated  the  exploitation 
rate  and  not  the  capacity  for  increase.  Vox  the 
third  miyor  form,  the  miitebelly  spmner,  we 
have  thus  far  estimated  only  the  incidental  kilL 


Major  sources  of  data 

Our  major  sources  of  data  were  the 
Inter-American  Tropical  luna  Commission 
(I'^TTC),  an  aerial  survey,  and  the  Tunaboat 
Observer  Program. 

I-ATTC 

The  1-ATTC  provided  data  on  numbers 
of  purse  seine  sets  on  dolphin  schools,  by  ves- 
sel class,  for  the  U.S.  fleet,  and  on  landings  of 
tuna  caught  with  dolphins  by  all  nations. 

Aerial  Survey 

An  aerial  survey  conducted  in  Janua- 
ly-February  1974  provided  data  on  density  of 
dolphin  schools  in  the  eastern  tropical  Pacific. 
Approximately  12  000  trad^  miles  were  flown 
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ASSESS  IMPACT 
(population  declining P) 


Ro.  1.  -  Flow 
diagram  lor  assosing 

imp.n.1  (ifinailental 
fishing  niortality  on 
diilphm  piipulalions. 
Major  dau  sources 

■  ■■iJb  ll 

CMCIWIi 


EiplO'ic'iof  rata 
(kiil/popuioi'onl 


VS. 


Copocity  for  incrMM 
(birth  rot*  -notaral  dMth  t«M 


Numbar  of 
salt  and 
londingt  of  tuno 


OoM  «r  Kotuyo  SI  ai 
(I9T4)  on  ttapoMtr 


in  a  specially  modified  Gruman  Goose,  at  an 
average  altitude  of  about  1  500  ft  (Fig.  2).  Two 

observers  scanned  ahead  and  to  the  side.  The 
track  lines  were  selected  before  the  survey, 
independent!)  ol  any  knowledge  of  the  density 
of  dolphin  schools.  Ran^  capabilities  of  the 
aircraft  and  locations  of  suitable  airports 
constrained  the  choice  of  track  lines. 

Observer  Program 

We  have  had  observers  on  purse  seiners 
every  year  since  1971.  The  observ  ers  have  col- 
lected data  on  numbers  of  dolphins  killed,  on 
their  distribution,  and  on  the  sex,  age  and  re- 
productive condition  of  a  sample  of  the  ani- 
mals killed.  We  had  observers  on  5  cruises  in 
1971,  12  in  1972,  23  in  1973.  and  about  40  in 
1974.  We  have  also  collected  data  during  se- 
veral cruises  diartered  lo  NNfFS  for  gear  re- 
search. 


ESTIMATINO  n^CIDENTAL  KILL 

Our  approach  in  estimating  the  inciden- 
tal kill  was  to  extrapolate  hottk  estimates  of  kill 


per  net  set  in  our  observer  sample  to  the  entire 
fishery,  based  on  data  from  the  I-ATTC  (Fi|. 
3).  We  were  faced  with  several  problems  in  this 
approach: 

—  the  structure  of  our  sample  may  or  may 
not  be  representathre  of  the  US  fleet; 

-  we  did  not  sample  the  non-US  fleet; 

the  Observer  Program  was  effectively 
limited  lo  the  Commission  Yellowfin 
Regulatory  Area  (CYRA)  (Fig.  4)  and 
did  not  sample  the  **outside  the  line" 
area  to  the  west  where  roughly  1/3  of 
the  tuna  caught  with  dolphins  is  taken. 

Adjusting  for  structure  of  the  observer 
sample 

In  looking  at  our  earlier  data,  we  found 
that  dolphin  kill  per  net  set  is  correlated  with 
characteristics  of  the  vessel,  mainly  size.  Be- 
ginning in  1974  the  tunab<Mits  have  been  re- 
quired by  law  to  carrs'  observers  when  re- 

auesled,  so  we  have  been  able  since  then  to 
esign  our  sample  to  have  about  the  same  71 
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Table  1.    Populations  of  spotted  and  spinner  dolphins  in  the  eastern  Pacific,  and  scope  of  analyses  reported  in  this  working  paper 


Involvement  in 

fisherv' ' 

Assessmenl  of  status  • 

Population 

bxpioilation  rate        Capacity  for 

increase 

Major  Minor? 

Negligible 

Incidental    Population  Reproductive 
kill             size  parameters 

Natural 
mortality 

Impact 
assessed 

Coastal  spotted  dolphin 
(5.  aiienuaia  subspecies) 

X 

Offshore  spotted  dolphin 
(5.  aitenuaia  subspecies) 

X 

XXX 

X 

X 

Cosia  Rican  spinner  dolphin 
(S.  hngiroslris  subspecies) 

X 

Eastern  spinner  dolphin 
(S.  longirosiris  subspecies) 

X 

X  X 

X 

Whilcbelly  spinner  dolphin 
IS.  longirostris  subspecies) 

X 

X 

'  Major  -  I  000  killed  incidenully:  minor  -  lOOs  killed:  ne^ifible  -  Ilk  Of  fewer  killed. 
'  X  -  eslimiles  made  m  present  study. 


FK).  2.  -  Location  of 
track  lines  on  the  aerial 
survey  in  early  1974. 
Historical  ranges  of 
offshore  spiXied 
dolphin  and  eastern 
spinner  dolphin  from 
PcrTin(l974) 
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OUTStOe  CYRA 


Fig.  3.  -  Samples 
used  to  cslimate 
iaadeQiBlldUof 
doMwitfa  Ac 
ydlDwfni  tuna  purse 
sane  flshen'  in  the 
eastern  tropical  Pacific. 
Areas  of  circles  are 
piopoitioiial  to  landings 
of  ydloiwfiD  tuoB  taken 
inniBtiBlioii  ddphin 
Mhooliin  1971 

data  trom 

hATVC 


No  ol  Ml*  known,  by 

CMMS  a  'or  tuccwiM 


CYRA 


Kin  p«r  Mt  knOWfl, 


Na  of  Mit  lineim>  by* 
coat  6  <or  •ucuMfal  C 


Fkl.  4.  -  The  major 
part  of  the 
Intcr-Amcrican 
Tropical  Tuna 
Commission  regulatory 
area  (CYRA)  is  shown 
above.  Principal  zone  of 
'Vndtide"  fisoing  is  abo 
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Structure  as  the  fleet  in  terms  of  size  of  vessels. 
In  the  earlier  years,  however,  carrying  an  ob- 
server was  voluntary,  and  we  know  that  some 
of  those  samples  did  not  well  represent  the 
fleet.  In  1971,  for  example,  the  sample  con- 
tained proportionately  more  small,  old  vessels 
than  did  the  fleet.  Detailed  descriptions  of  the 
samples  and  the  fleet  are  in  the  draft  progress 
report.  We  attempted  to  correct  for  this  sample 
bias  by  extrapolating  on  the  basis  of  kill  per  set 
for  size-age  classes  of  vessels.  We  used  eight 
strata  ranging  from  101-200  (short)  tons  ca- 
pacity to  over  1  200  tons.  We  also  found  that 
dolphin  kill  is  correlated  with  whether  or  not 
the  net  set  is  successful  in  capturing  yellowfm 
tuna,  so  we  stratified  our  extrapolating  pro- 
cedure also  on  the  basis  of  success  or  failure  of 
the  set.  A  successful  set  was  defined  as  one  m 
which  at  least  0.025  ton  of  yellowfin  tuna  was 
taken. 


Estimating  non-US  kill 

Since  we  have  very  few  kill-per-set  data 
and  no  data  on  sets  by  vessel  class  for  the 
non-US  fleet,  we  simply  assumed  that  over-all 
kill  per  set  is  the  same  as  for  the  US  fleet  and 
extrapolated  from  the  US  sample  on  the  basis 
of  tons  of  tuna  taken  with  dolphins. 


Estimating  kill  outside  the  CYRA 

Virtually  no  observer  data  were  avail- 
able ftom  outside  the  CYRA,  so  we  assumed 
for  the  purpose  of  ou  r  estimates  that  kill  per  set 
is  the  same  as  in  the  CYRA. 

With  this  approach,  we  made  4  estimates 
of  incidental  kill  (of  all  species): 

(1)  US  kill  in  the  CYRA 

(2)  kill  by  all  naUons  in  the  CYRA 

(3)  US  klU  outside  the  CYRA 

(4)  kill  by  all  nations  outside  the  CYRA, 


u»ng  the  model 


where 

=  estimated  kill 

k|  "  kill  per  set  m  observer  sample 
stratum  ij 

=  number  of  net  sets  in  I-ATTC 
sample  of  US  landings  of  yel- 
lowfin from  dolphins 

C,  =  extrapolation  factor  to  account 
for  landings  not  in  I-ATTC 
sample  of  US  kndings 

i     =  vessel  size  class 

j  =  type  of  set  class  (successful  or 
unsuccessful) 

g    »  estimate  [(I)  to  (4)  above] 

An  approximate  estimate  of  variance  for  R,  is 

var(R^  =  C/[22N./var(k„)l 

and  the  approximate  95  %  confidence  interval 
for  R,is 

R,  ±2v  var(R). 

We  broke  down  the  total  estimates 
(CYRA  +  outside)  to  estimates  by  species 
based  on  the  species  compositions  of  samples 
examined  in  the  Observer  Program.  The  esti- 
mates for  the  spinner  dolphin  for  1974  were 
prorated  to  the  eastern  and  whitebelfy  popu- 
lations, based  on  the  ranges  of  the  forms  and 
on  the  relative  percentages  of  sets  in  the  ob- 
server sample  known  to  have  been  made  on 
eadi. 
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Estimating  population  size 

We  estimated  the  density  of  schools  of 
the  offshore  spotted  dolphin  and  eastern  spin- 
ner dolphin  from  data  collected  in  the  aerial 
survey.  The  basic  analytical  tool  used  was  line 
transect  theory.  When  a  school  was  sighted, 
the  perpendicular  distance  from  the  track  line 
was  estimated.  The  manner  in  which  the 
number  of  sightings  declined  with  distance 
from  the  track  line  was  used  to  determine  how 
much  area  was  ctlectivcly  searched.  Four  basic 
conditions  must  be  met  in  this  approach: 

( 1 )  schools  are  distributed  at  random 

(2)  transects  are  placed  at  random 

(3)  probabilitv  of  sighting  a  school  de- 
creases exponentially  with  distance  from 
the  trade  hne,  and 

(4)  probability  of  seeing  a  school  directly  on 
the  track  hne  is  1.0. 

Making  these  assumptions,  we  estimated 
density  as 

D  =  (n  -  1)/2L?, 

where 

n  =  number  of  schools  sighted, 

L  —  total  trade  mfles  surveyed,  and 

Y  =  average  perpendicular  sighting 
diitiance,  m  this  case  about  1 
mile. 

Variance  of  the  density  can  be  estimated  as 
D'  n         n  ^ 

We  prorated  the  overall  density  esti- 
mates into  estimates  for  each  slodc  based  on 


the  proportion  of  the  total  sightings  which 
were  of  that  stodc.  We  also  estimated  se^para- 

tely  for  mixed  schools  because  size  of  single- 
stock  components  in  mixed  schools  is  different 
than  size  of  single-stock  schools.  We  estimated 
separately  for  pure  spotted  schools,  pure  ea- 
stern spinner  schools,  spotted  in  mixed 
schools,  and  eastern  spinner  in  mixed  schools. 

We  then  estimated  the  total  number  of 

schools  of  each  stock  and  school  tvpe  by  ex- 
trapolating the  density  to  the  known  historical 
range  (Perrin,  1975).  This  makes  the  assump- 
tion that  density  of  schools  in  the  area  sampled 
is  representative  of  the  entire  historical  range. 
Variance  of  the  estimate  of  total  schools  can  be 
calculated  as 

V(Si)  =  A.^(DJ, 

where 

Si  =  number  of  schools  or  schools 
components  of  stock-school  type  i, 
and 

A(  =  area  inhabited  by  schools  of 
stock-school  type  i 

Then,  using  estimates  of  average  sc  hool 
size  (or  single-stock  component  size)  Ironi  the 
Observer  Program,  we  estimated  the  total 
number  of  dolphins  for  each  stock-school 
component  type  as 

where 

iSli  —  total  number  of  dolphins  in 
stock-school  type  i,  and 

C,  =  average  size  of  schools  of  stock- 
school  type  i. 

Variance  can  be  calculated  as 

V(flJ  -  V(0^  +  V(SDC,  -I-  V(C^V(S^.  75 
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We  then  added  the  single-stock  school 
and  mixed-stock  school  components  to  obtain 
an  estimate  for  each  of  the  2  stocks: 

-  2N, 

where 

B  population  of  Stock  j. 

The  varianoes  of  N,  are  additive.  We  ex> 

pressed  the  population  estimates  as  intcnal 
estimates,  which  were  ±  2  standard  deviations 
from  the  point  estimates.  This  interval  should 
contain  the  true  value  at  least  75  %  of  the  time. 

We  used  average  school  size  estimates 
from  the  Observer  Program,  because  the  sam- 
ple size  from  the  aerial  survey  was  very  small 
and  if  used  would  have  greatly  increased  the 
variance  of  the  population  estimate.  This  was 
justified  because  the  aerial  estimates  did  not 
itiffer  significantly  from  the  Observer  Program 
estimates. 

For  the  1974  estimates,  porpoise-school 
density  estimates  from  the  aerial  and  ship  sur- 
veys were  made  in  the  aggregate.  The  ship 
survey  density  estimates  were  also  made  by 
stratifying  by  season  and  sub-area  and  com- 
puting an  average,  weighted  by  the  geograph- 
ical area  of  eadi  stratum.  Additiomu  esti- 
mates of  density  were  made  which  combined 
the  aerial  and  ship  survey.  Assuming  that  the 
ship  survey  estimates  of  density  tend  to  be 
biased,  either  due  to  concentrated  fishing  for 
yellowfin  tuna  associated  with  dolphins  or  al- 
ternately fishing  for  yellowfin  tuna  and  other 
species  not  associated  with  dolphins,  a  correc- 
tion factor  was  obtained  by  me  ratio  of  the 
aerial  survey  density  to  the  ship  survey  density 
in  the  period  and  area  of  overlap.  This  ratio 
was  applied  to  the  l  ull  range  of  the  ship  survey, 
which  is  more  extensive  in  areal  coverage  than 
the  aerial  survey.  This  combined  approach 
additionally  assumes  that  the  aerial  survey 
density  estimates  are  accurate  and  the  degree 
of  bias  in  the  ship  surv^  is  constant  through- 
out its  range. 

It  is  important  to  note  that  the  estimated 


population  size  ranges  are  ranges  of  point 
estimates  rather  than  probabilistic  confidence 
intervals.  Even  though  approximate  variances 
were  computed  for  the  density  and  school  size 
estimates  and  their  combination,  it  is  mean- 
ingless to  try  to  place  a  probabilistic  confi- 
dence interval  on  the  current  estimates,  be- 
cause neither  the  geographical  range  of  each 
stock  is  known  precisely  nor  does  an  estimate  of 
Its  variance  exist.  More  extensive  aerial  sur- 
v^,  ship  surveys  independent  of  fishing,  or 
alternate  methods  will  have  to  be  mounted  to 
establish  single  point  estimates  with  proba- 
bilistic confidence  bounds. 

The  major  criticisms  that  can  be  made  of 
the  population  estimates  are: 

—  Density  of  schools  may  not  be  the  same 
thiOtt^out  the  ranges.  There  may  be 

areas  of  higher  or  lower  density  in  the 
unsurveyed  oflshore  parts  of  the  ranges. 
This  could  bias  the  estimates  either  way. 

—  The  actual  range  at  any  time  is  probably 
smaller  than  the  historical  range.  There 
may  be  seasonal  migrations  and 
year-to-year  changes  in  the  range  occu- 
pied, caused  bv  large-scale  environmen- 
tal tluctuaiions,  e^.  the  £1  Nmo  condi- 
tion in  1973.  This  would  bias  the 
estunates  upward. 

—  The  assumption  that  all  schools  directly 
on  the  trade  line  were  seen  may  not  be 
valid.  If  some  schools  were  mined,  this 
would  bias  the  estimate  downward. 


Estimating  reproductive  parameters 

The  samples,  methods  and  analyses  used 
in  the  studies  of  the  life  history  of  S.  attenuata 

are  described  in  detail  in  Perrin.  Coe  and 
Zweifel  (1976).  The  studies  were  based  on 
about  10  000  specimens  collected  in  the  Ob- 
server Program.  The  primary  inputs  into  the 

status  assessment  are  tne  estimates  of  age-spe- 
cific pregnancy  rate.  We  estimated  age  by 
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looking  at  growth  layers  in  the  teeth.  There  are 
2  sources  of  unoeitainty  in  the  pregnancy  rate 
estimates.  One  has  to  do  with  the  number  of 
growth  layers  deposited  yearly  in  the  teeth, 
and  the  other  concerns  the  rate  of  change  of 
pregnancy  late  with  age.  We  could  not  satis- 
factorily resolve  either  of  these  uncertainties, 
so  the  inputs  into  the  assessment  model  were  in 
terms  of  alternatives,  i.e.,  1  layer  or  2  tooth 
layers  accumulated  yeariy  in  adults,  and  preg- 
nancy rate  being  either  constant,  decreasing 
"slowly",  or  decreasing  "rapidly"  with  age 
(defined  below). 


Estimating  CAPAcmr  for  increase 

The  capacity  for  increase  is  basically  the 
difference  between  the  gross  annual  produc- 
tion and  the  average  annual  natural  mortahty. 
It  changes  when  tihe  eaviionment  or  the  size  of 
a  popuulion  changes.  It  is  to  be  expected  that 
capacity  for  increase  increases  when  a  popu- 
lation is  exploited. 

The  banc  approach  used  to  estimate  ca* 
pacity  for  increase  is  based  on  Leslie  matrix 
models  The  basic  inputs  are  age-specific 
pregnancy  rates  and  age-specilic  natural  mor- 
tality rates.  These  rates  are  combined  in  a  ma- 
trix which  can  be  used  to  project  the  popula- 
tion forward  in  time  and  to  determine  the  ca- 
pacity for  increase  implied  by  the  naturality 
and  mortally  rates.  The  model  equation  of 
interest  here  is: 

M  N  =  AN, 

where 

M  IS  the  Leslie  matrix  descnbmg  the 
western  Pacific  stodc, 

K  is  the  age  structure  vector,  and 

X  (l&nihda)  is  a  scalar  constant  indicat- 
ing the  annual  change  in  the  popula- 
tion size  with  the  life  history  parame- 


ters incorporated  in  the  Leslie  matrix 

If  A  is  equal  to  I.O,  the  population  neither 
increases  nor  decreases  in  size.  If  it  is  less  than 
or  greater  than  1 .0,  the  population  decreases  or 
increases,  respectively.  The  capacity  for 
increase  is  defined  as  (A  -  1)/A. 

We  do  not  have  estimates  of  natural 
mortality  rates  fiom  the  fisheiy  because  we 
cannot  separate  natural  mortality  from  inci- 
dental mortality.  Biological  data  are  available 
for  an  unexploited  spotted  dolphin  population 
near  Ju)an  (Kasuya,  Miyazan  and  Dawbin, 
1974).  These  data  can  be  used  to  derive  natural 
mortality  rates  to  use  as  first  approximations 
for  the  rates  for  the  eastern  Paoflc  stock.  Ka- 
suya, Nfiyazald  and  Dawbin  (1974)  did  not 
give  estimates  of  the  mortality  rates  of  imma- 
ture animals  more  than  1  year  old.  They  did 
give  estimates  for  the  mortality  rate  of 
nrst-year  calves.  These  estimates  are  very  low 
and  are  not  consonant  with  an  equilibrium 
population,  given  the  calving  intervals,  which 
are  more  directly  calculated  and  seem  reason- 
able. 

Therefore,  we  ^timated  new  mortality 
rates  for 'calves  and  rates  for  older  immature 
animals  mdirectly.  If  the  adult  mortalitv  rates 
and  the  reproductive  rates  estimated  tor  this 
stock  hold,  and  if  the  population  is  in  equilib- 
rium, certain  values  of  mortality  rates  for 
calves  and  older  immature  spotted  porpoise 
are  implied.  These  implied  values  are  deter- 
mined  as  those  which  satisfy  the  model  equa- 
tion when  A  =  t.O. 

We  then  determined  the  capacity  for 
increase  for  the  eastern  Pacific  stock  by  com- 
bining in  one  matrix  the  mortality  schedule 
estimated  for  the  western  Pacific  stock  and  the 
reproductive  schedule  estimated  for  the  east- 
ern Pacific  stock.  Analysis  of  this  model 
yielded  the  desired  estimates  of  capacity  for 
increase.  A  basic  assumption  is  that  the  repro- 
ductive rates  have  increased  in  the  eastern  Pa- 
dfic  stock  due  to  a  decrease  in  stodc  size,  while 
the  natural  mortality  rates  have  not  changed 

These  estimates  of  capacity  for  increase  77 
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can  be  dircctiv  compared  to  the  annual  inci- 
dental expioiiation  rate  determined  as  the 
ratio  of  the  estimate  of  numbers  killed  to  the 
estimated  population  size.  If  the  incidental 
exploitation  rate  is  less  than  the  capacity  for 
increase,  the  population  should  uicrease;  and 
if  it  is  greater  than  the  capacity  for  increase, 
the  population  should  decrease. 

It  should  be  noted  that  this  analysis  as- 
sumed that  the  incidental  mortaUty  occurs 
equally  over  all  age  classes.  It  also  assumes 
that  the  population  age  structure  has  had  time 
to  achieve  a  stable  form.  Both  of  these  as- 
sumptions, especially  the  latter,  need  to  be 
examined  Airmer. 


Results 


Offshor£  spotted  dolphin 
Incidental  kill 

The  estimated  incidental  kill  as  declined 
each  year  since  1972  (Table  2)  to  about  72  000 
in  1974,  of  which  about  75  %  is  ascribable  to 
the  US  fleet. 

We  stress  the  fact  that  these  estimates 
must  be  ocmsidered  minimal  estimates  for  se- 
veral reasons,  to  wit 

-  Only  animals  known  to  be  dead  were 
counted;  we  have  made  no  attempt  to 
take  into  account  the  injured  animals, 
some  of  which  can  be  presumed  to  have 
died  after  release  from  the  net. 

-  Kill  data  were  gathered  only  from  US 
vessels,  which  probably  perform  better 
m  pfeventing  incidental  mortality  than 
do  most  non-US  seiners.  The  non-US 
fleets  contain  manv  small,  old  vessels 
that  were  formerly  in  the  US  fleet. 

-  Some  observer  effect  can  be  presumed. 
With  the  stratified  approach,  the  pro- 


blem of  representation  of  the  licet  in 
terms  of  vessel  characteristics  is  solved, 
but  kill  rates  may  be  higher  on  cruises 
not  accompanied  by  observers  than  on 
cruises  with  observers. 

Population  size 

We  saw  54  schools  containing  offshore 
spotted  dolphins  along  the  12  000  track  miles  j 
of  the  aerial  surv^.  The  aerial  and  ship  survey 
density  estimates.  aU^ng  with  the  geosiraphical 
ranges  and  average  school  sizes  resulted  in  the 
following  total  range  m  estimated  population 
size: 

Estimated  total  range  of 
Slock  ipopulation  size 

(millioiis  of  animals) 

OfTshore  spotted 

dotphm  2.8-4.2 

The  lowest  values  of  the  total  range  re- 
sult from  using  the  early-season  densiQr  aver- 
ages of  the  combined  aerial  and  shipsmrveys. 
The  highest  values  of  the  total  ranges  result 
from  using  the  early-season  density  averages 
of  the  ship  survey  alone. 

The  estimated  total  ranges  in  population 
size  can  be  centralized  further,  because  certain 
of  the  density  estimates  are  preferred  over 
others.  The  ship  survey  is  preferred  over  the 
aerial  survey  because  of  its  broader  areal  cov- 
erage. The  all-season  densilv  averages  are 
preferred  over  the  carl^-scason  density  aver- 
ages because  of  the  biases  discussed  above. 
The  sub-area  density  averages  are  preferred 
over  the  aggregate  density  averages  because 
of  apparent  differences  in  density  among  sub- 
areas.  Combining  these  preferences  results  in 
the  following  centralized  ranges  in  estimated 
population  sizes: 

Estimated  centralized  range 
Slock  of  population 

(millions  of  animals) 

Oflshorc  spotted 

dolphin  3.1-3.5 
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The  lowest  values  of  the  ranges  resuh 
from  the  combined  aerial  and  ship  surveys  and 

the  highest  result  from  the  ship  survey  alone. 
We  have  no  basis  to  choose  between  them. 


CapocUy  for  iiurease 

The  estimate  of  capacity  for  increase 
depends  on  the  choice  of  alternative  assump- 
tions about  hlc  history,  i  or  tooth  layering,  the 
basic  options  are  1  or  2  layers  per  year.  For 
reproduction,  the  basic  options  arc  the  fre- 
quency of  reproduction  after  sexual  maturity 
being  constant  with  age  or  declining  with  age. 
Consideration  of  all  the  reasonable  alterna- 
tives results  in  a  range  of  estimates  of  capacity 
tor  increase  of  -2.5  %  to  +6.6  %  per  year  as 
shown  in  Table  3. 

None  of  the  alternatives  shown  in  Table 
3  can  be  eliminated  with  certainty.  However, 
there  is  some  basis  for  choice.  One  tooth  layer 
deposited  per  year  has  been  suggested  for  the 
western  Pacific  population  of  S.  aitenuata  by 
Kasuva.  Miyazaki  and  Dawbin  (1974).  One 
layer  per  year  has  also  been  suggested  ft)r 
other  dosety  related  delphinids,  including  S. 
coeruleoalba  (Kasuya,  1972)  and  Tursiops 
truncatus  (Sergeant.  Caldwell  and  Caldwell. 
1973).  Two  tooth  layers  have  been  suggested 


for  Delphinapterus  leucas  (Sergeant,  1973),  but 
this  form  is  less  closely  related  to  Stenella. 

Thus,  it  is  reasonable  to  assume  the  tooth 
layering  for  the  spotted  dolphin  is  basically  1 
per  year. 

The  estimates  of  frequency  of  reproduce 
tion  with  age  arc  based  on  the  relationship 
between  pregnancy  rates  and  numbers  of 
tooth  layers.  The  observed  data  suggest  a  de- 
crease in  pregnancy  rale  from  0.6  at  7  layers  to 
0.4  at  12  layers  (Ferrin.  Coe  and  Zweifel, 
1976).  This  is  termed  "decreasing  rapidly"  in 
Table  3.  The  determination  of  numbers  of 
layers  is  difficult  after  the  pulp  cavity  closes  at 
about  12  layers.  If  the  prcLnuincy  rate  observed 
for  12-layer  animals  is  actually  the  pregnancy 
rate  for  all  animals  age  12  layers  or  older,  then 
pregnancy  rate  declines  more  slowly  with  age. 
This  is  termed  "decreasing  slowly"  in  l  able  3. 
Because  of  the  difficulty  in  reading  layers  for 
older  animals,  it  is  most  reasonable  to  assume 
that  the  reproduction  rate  either  declines 
slowly  with  age  or  is  constant  with  age. 

Assuming  1  tooth  layer  per  year  and  d- 
ther  constant,  or  slowly  decreasing,  reproduc- 
tive rates  with  age.  one  obtains  a  range  of 
estimates  of  capacity  for  increase  of  1.4A0  % 
(Table  3).  Although  the  other  hypotheses  can- 
not be  completely  ruled  out  and  must  be  al- 
lowed as  possibilities,  this  range  represents  the 
most  likely  values,  given  present  information. 


TaHe  2.  Ertimatod 

lincMailailUII 

B  of  spotted  mhI  apimM 

rMphinsiBtiK<« 

itcntroph 

:al  Pacific,  1971.74,  in 

tlMHMands 

Year 

US 

Spoiled  dotphini 

Non-U.S 

Tolal 

US 

Spinner  dotphin 

Non-US 

Tola! 

1971 

1972 
1973 
1974 

179.7 

237.6 
90.6 

4.6 

17.1 

184.3 

270  1 
107.7 
72.0 

126.4 
56.7 
56.9 

3.2 

7.8 
10.7 

129.6 

64  5 
67.6 
36.0 

2 1.0  (eastern) 
lS.O(whitebeUy) 

'  Eaainales  arc  for  1 

wwhwd. 

USUI  >p»llcd  and  (2)  »IKht>rc  vpiiiicJ  All  ul  this  kill  u.  assigned  ki  Ihc  orrshorc  spoiled  dulptiin 

[kipuUiion.  although  iome 
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TaMc  3.    Possible  capacil)'  for  increase  for  SleneBa  attenmaa  as  percent  of  current  population  size  under  alternative  assumption<> 

Nambm  of  lootb  byen  p«r  year 

Reproductive  rate  with  age 

One  Two 


Constant  2.3-     4.0  2.9-  6.6 

Decreiising 

Rapidly  -  1.0  -  +  0.3  -  2.5  -  -  0.8 

Slowly  1.4.    16  I.S-  3 J 


Impact  of  ihe  fishery 

The  estimate  of  impact  is  based  on  the 
revised  estimates  of  kill  and  population  size, 
using  2  approaches  to  estimating  sustainable 

yield. 

Perrin,  Coe  and  Zweifel  (1976)  estimat- 
ed that  the  rate  of  gross  annual  production  of 
calves  is  about  14.4  %  of  the  offshore  spotted 
dolphin  population  in  the  eastern  Pacific.  This 
estimate  is  predicted  upon  their  assumption 
that  the  samples  are  representative  of  the  ac- 
tual population.  Perrin.  H(iUs  and  Miller 

(1973)  estimated  the  gross  annual  production 
rate  ofcaJves  for  spotted  dolphin  of  the  west- 
em  Pacific  to  be  about  8.7  %  from  data  pre- 
sented by  Kasuya.  Miyazaki  and  Dawbin 

(1974)  .  The  western  Pacific  population  is 
thought  to  be  very  lightly  exploited  and  may  be 
in  equilibrium:  the  adult  female  annual  natu- 
ral mortality  rate  was  estimated  to  be  7.4  % 
(Kasuya,  Miyazaki  and  Dawbin,  1974)  but  ju- 
venile and  male  mortality  rates  are  probably 
hiiiher.  so  the  population's  average  natural 
mortality  rate  is  probably  near  the  gross  an- 
nual production  rate  of  calves.  Perrin,  Coe  and 
Zweifel  (1976)  suggest  that  the  hig|ier  lepra- 
ductive  rate  in  the  eastern  Pacific  population 
might  be  a  population  response  to  exploita- 
ticMi,  because  the  individual  reproductive 
panuneteis  differ  between  the  2  populations  in 
a  manner  consistent  with  that  hypothesis.  If 
the  hypodiesis  is  true,  then  the  reproductive 
rate  or  the  western  Pacific  spotted  dolphin. 


8.7  %,  is  an  estimate  of  the  natural  mortality 

rate,  and  carrying  out  the  analogy  with  a  sim- 
ple model  indicates  that  the  present  eastern 
Pacific  population  might  sttstain  an  annual 
mcidental  fishing  mortality  rate  of  4.4  %  or 
more,  if  the  natural  mortality  rate  were  con- 
comitantly depressed.  Using  this  estimate  is  an 
alternative  to  the  approach  taken  in  calculat- 
ing the  preliminaiy  estimates,  where  an 
age-specific  model  was  used. 

The  total  mortality  of  offshore  spotted 
dolphins  in  the  eastern  Pacific  during  1974  is 
estimated  to  be  72  000  animals.  The  central 
estimates  of  population  size  are  3,1-3.5  million 
animals,  with  a  total  range  of  2.8-4.2  million 
animals,  giving  a  central  range  for  the  1974 
incidental  fishing  mortality  rate  of  2  1-2  3  T 
and  a  total  range  of  1 .7-2.6  %.  The  cstuTiates  of 
the  incidental  fishing  mortality  rate  arc  below 
that  indicated  as  sustainable  in  the  simple 
model.  4.4  T  indicating  that  the  population 
would  increase  but  at  a  slow  rate  of  1.7  %  per 
year  or  slightly  more.  The  estimates  of  the 
mcidental  nshing  mortality  rate  are  within  the 
probably  range  of  that  indicated  as  sustainable 
in  the  a^e-specific  model,  indicating  that  if  the 
popu  iation  were  changing  it  would  be  d<ring  so 
at  a  very  low  rate  (i.e.,  between  deceasing  at 
1.2  %  and  increasing  at  2.2  %  per  year).  This 
leads  to  the  tentative  conclusion  that  if  the 
offshore  spotted  population  were  changing 
under  the  1974  level  of  incidental  fishing- 
mortality,  it  was  probably  doing  so  at  a  low 
rate. 

We  have  done  some  back  extrapokitions 
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on  the  basis  of  earlier  fishing  activity  and  kill 
rates  to  examine  the  question  of  whether  or  not 
the  population  is  at  its  original  size.  The  bal- 
ance of  evidence  suggests  that  there  has  been  a 
decline.  We  do  not  know  yet  how  great  it  has 
been.  Theseanafyscs  are  still  being  revised  and 
refined. 


Eastern  spinner  dolphin 
Incidental  /all 

The  estimated  kill  of  spinner  dolphins  in 
1974  was  36  000,  of  which  21  000  are  estimated 
to  have  been  easteni  spimiar  dolphins. 

Pcpuhtton  size 

We  made  36  sightings  of  eastern  spinner 
schools  on  the  aerial  survey.  This  extrapolates 
to  a  population  of  1.0-1.5  million  animals, 
which  can  be  centralized  as  described  for  the 
spotted  dolphin,  to  give  a  range  of  1.1-1.2 
iniUion. 

Impact  of  the  fishery 

Estimates  of  some  life  history  parame- 
ters are  available  (Perrin,  Holts  and  Miller, 
1975).  Gross  annual  reproductive  rate  was 
estimated  to  be  6.4  %  for  1973  and  9.8  %  for 
1974,  with  a  pooled  estimate  of  8.3  %.  This  is 
considerably  below  the  rate  estimated  for  off* 
shore  spotted  dolphins  in  the  eastern  Pacific, 
suggesting  that  the  stock  of  the  eastern  spinner 
dolphins  cannot  bear  as  mudt  total  mortality 
as  tne  stock  of  spotted  dolphins.  However,  de- 
pending on  the  natural  mortality  rate,  it  might 
sustain  a  higher  or  lower  mcidental  tishmg 
mortality  rate  than  that  of  the  offshore  spotted 
dolphin.  The  relatively  high  rate  of  reproduc- 
tion exhibited  by  the  spotted  dolphin  may  be  a 
response  to  exploitation,  suggested  by  Per- 
rin,  Coe  and  Zweifel  (1976)  and  Ferrin,  Holts 


and  Miller  (1975).  It  is  possible  that  spinner 
dolphins  have  been  less  heavily  exploited  than 
spotted  dolphins  in  the  past  (e.g..  prior  to 
1971);  comparisons  of  several  biological 
parameters  with  other  cetaceans  support  this 
contention  (Perrin,  Holts  and  Miller,  1975). 

In  1974,  the  estimated  central  range  of 
population  size  point  estimates  of  eastern 
spinner  dolphins  was  1.1-1.2  million  animals, 
with  a  total  range  of  1.0-1.5  million  animals. 
The  kill  of  eastern  spinner  dolphins  in  1974 
was  estimated  to  be  21  000  animals.  Thus  the 
estimated  central  range  of  the  annual  rate  <^ 
mortality  caused  by  fishing  was  1.8-1.9  %,with 
a  total  range  of  1.4-2.1  %.  which  is  not  appre- 
ciably different  from  that  for  the  offshore 
spotted  dolphin.  This,  and  the  apparent 
absence  of  populational  response  to  exploita- 
tion lead,  as  for  the  ofTshore  spotted  dolphin, 
to  the  tentative  conclusion  that  if  the  eastern 
spinner  dolphin  population  was  dianging  in 
1974,  either  increasing  or  decreasing,  it  was 
doing  so  at  a  low  rate. 


WfirrEBELLY  SPINNER  DOLPHIN 

For  the  whilebelly  spmner,  we  know 
only  that  an  estimated  15  000  were  killed.  We, 
as  yet.  have  no  estimates  of  populaticm  size  or 
capacity  for  increase. 


Discussion 


Shortcominos  of  the  studies 

We  have  established  that  the  aerial  sur- 
vey approach  is  feasible,  but  our  population 

estimates  are  weak  because  they  involve  ex- 
trapolation to  large  portions  of  the  ranges  that 
were  not  surveyed.  Also,  the  estimates  based 
on  aerial  surveys  have  high  variability  due  to 
small  sample  size.  We  need  an  estimate  for  the 
whitebelly  spinner  population.  We  have  not 
yet  surveyed  on  a  large  enough  scale.  81 
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The  problem  of  calibration  of  growth 
zones  in  ihe  teeth  remains.  Until  this  is  settled, 
the  estimates  of  reproductive  parameters  are 
<Mlly  provisional.  We  do  not,  of  course,  have 
any  estimates  vet  for  the  spinner  dolphins. 

The  estimates  of  measured  incidental 
kill  may  be  inaccurate  because  of  the  lack  of 
data  for  the  area  outside  the  CYRA  and  for  the 
non-US  fleet.  We  also  need  to  estimate  the 
now  unmeasured  kill. 


Recommendations  for  research 

In  order  to  assess  the  status  of  the  stocks 
adequately  there  is  a  need  to: 

—  Monitor  the  sizes  of  all  dolphin  stocks 
involved  in  the  tuna  flsheiy,  using  ex- 
panded surveys  that  adequately  cover 
the  geographical  range  of  each  stock. 
Population  estimates  should  be  made 
over  a  period  of  years,  so  that  the  exist- 


ence or  absence  of  trends  can  be  firmly 
established.  Additional  sources  of  po- 
tential information,  such  as  I-AITC 
data,  need  to  be  explored  to  assist  in 
establishing  the  histoiy  of  the  status  of 
the  stocks. 

—  Continue  to  monitor  the  incidental  kill  of 
dolphins  in  the  tuna  fishery,  through  a 
continued  Observer  Program  or  some 
other  scheme.  Kill  should  be  estimated 
stock  by  .stock.  An  attempt  should  be 
made  to  measure  possible  cfTects  on 
dolphins  stocks  in  addition  to  the  pres- 
ent measured  dkect  incidental  mor- 
tality. 

—  Estimate  the  life  history  parameters  for 
the  several  spinner  and  whitebelfy  dol- 
phin stocks  and  resolve  the  question  of 

toothlayer  deposition  rate  in  the  spotted 
dolphin,  which  is  central  to  estimating 
parameters. 
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STATUS  OF  THE  COCHITO,  FHOCOENA  SINUS, 
IN  THE  GULF  OF  CALIFORNIA 


RX.  BlOWNELL,  Jr. 


The  oochito  {Phocoena  sinus),  the  smallest  memhor  nf  its  sicnus.  is  known  from  21 
confirmed  records  from  the  upper  Gulf  of  California  and  is  probably  found  only  in  that  area. 
Diagnostic  and  general  morphological  characters  are  given,  including  the  external  measure- 
men  ls  of  two  specimens:  little  to  no  data  are  available  on  other  aspects  of  its  biology.  AfTmities 
of  the  axial  skeleton  and  external  morphometry  suggest  that  P.  anus  evolved  from  a  Pleisto- 
oeoe  stock  of  Burmeistef^  porpoise  (P.  spinipinnis).  P.  abna  has  been  taken  mcidentaHy  in  the 
gillnet  flshery  for  totoaba,  Cynoscion  macdonaldi,  perhaps  since  the  late  forties,  and  the  annual 
kill  during  th^  eariy  seventies  may  have  been  in  the  lens  to  hundreds.  Although  the  fisheiy  for 
loioaba  was  banned  in  197S,  a  small  number  oochito  will  pn^bty  continue  to  be  taken  in 
other  fisheries  and  this  may  have  considerable  impact  on  the  small  population.  Research  is 
needed  to  determine,  among  other  things,  the  life  hisioiy  of  the  qiedes  and  the  eflects  on  it  of 
incideatal  capture  in  trawl  and  gillnet  fisheries. 

Le  marsouin  Phocoena  sima*  le  phis  petit  des  membres  de  ce  genre,  est  connu  sur  la  base 

dc  21  indications  confirmi^es  en  provenance  de  la  partie  supt^riciirc  du  golfe  dc  Califomic;  il 
est  probable  qu'on  nc  Ic  trouvc  que  dans  cclle  zone.  L'autcur  donnc  le  diagnostic  ct  les 
canct6res  morphofogiquesginiraux.  y  compris  lesmesuresextMeures.  de  deux  specimens:  on 
nc  p>ssc(lc  pratiqiicment  ancune  donnie  sur  les  autrcs  aspects  dc  sa  biologic.  1  e  squelette 
axial  el  la  morphometne  exicme  sug^<^rcnl  que  P.  sinus  aurail  cvolud  a  partir  d'un  stock  du 
pUistocine  de  marsouins  de  Burmeister  (P.  spin^iimts).  P.  sinus  a  M  capture  accidcntclle- 
ment  dans  la  pecherie  au  filet  maillant  de  Cynoscion  macdonahli.  pevit-etre  depiiis  la  fin  des 
ann^es  40;  au  cours  des  premieres  annees  70,  la  mortaiite  annuelle  pourrait  avoir  ete  de  I'ordre 
de  dizaines  ou  de  oentaines  de  marsouins.  Bien  que  la  pCche  de  CynoaelOH  tnaedonakli  ait  ixt 
intcrditc  en  1975.  un  petit  nombrc  dc  P.  sinus  coniinucra  pcul-ctrc  a  se  faire  prendre  dans 
d'auires  pecheries,  cc  qui  pourrait  avoir  un  rctcntisscmcnt  considerable  sur  celte  petite 
population.  II  est  n6cessaire  d'efTectuer  des  recheiches  pour  diterminer,  entre  autres,  le  qfde 
biologique  de  Fesptee  et  ks  cfTels  des  captuics  aocesMures  dans  les  ptehes  aa  chalut  et  au  filet 
maillant. 

Extraet» 

El  oodiilo  (i'AoMCNfl  jima),  que  cs  el  miembro  de  menor  talla  de  su  ginero,  se  comioe 

por  21  avistamicntos  confirmados  en  la  parte  aifa  del  Gnlfo  dc  California,  v  prohablemenle  sc 
encuentra  sdlo  en  esa  zona.  Se  indican  sus  caracterlsticas  distintivas  y  sus  caracteristicas  85 
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mcirfoI6gicas  generales,  incluidos  los  dutos  ohtenidos  midiendo  dos  ejcmplarcs;  sohre  los 
demas  aspectos  de  su  biologia  existen  muy  pocos  datos  o  ninguno.  Las  afmidades  del  esque- 
leio  axial  y  la  morfometria  externa  su^eren  que  P.  sima  proeede  de  una  poblaci6n  del 
Pleistocene  de  marsopa  de  burmeister  (P.  spinipinnis).  El  focenido  P  sinus  se  ha  capturado 
acddentalmente  en  la  pesqueria  con  redes  dc  cnmallc  de  totoaba  {cynoscion  macdonaldi) 
qiiizAs  deade  finales  de  los  aftos  cuarenia,  y  d  nfimero  de  animaica  nmertos  anuafanente  a 
principios  dc  ln>,  anos  setenta  oscila  probablemente  entrc  algunas  deceoas  y  algunos  ccntc- 
nares  de  animales.  Aunque  la  pcsca  de  totoaba  sc  prohibio  ea  1975,  probablemente  seguir^ 
capturAndose  algunos  cochitos  en  otras  pesquerias.  lo  que  podria  tener  oonsiderabies  leper- 
cusiones  en  su  pobIaci6n,  tan  reducida.  Son  necesarias  investigaciones  para  determinar,  entre 
otras  cosas,  el  ciclo  vital  de  la  especie  y  los  efeclos  que  tienen  ea  eUa  las  capturas  accidentales 
en  las  pesquerfat  de  amstrey  «  enmaUe. 


R.L.  Brownell  Jr. 

John  Hopkins  University,  Box  84,  Bakbiion,  Mary Isaut  21205,  USA 


fHiffOJlIf  lllill 


The  cx)€hito,  Phocoena  sinus,  is  Ihe 
smallest  spcdes  of  Phocoena.  The  range  of  this 

species  is  probably  only  the  upper  Gulf  of 
California,  Mexico,  and  it  has  probably  been 
taken  as  an  incidental  catch  in  the  totoaba, 
Cynoscion  macdonaldi^  fishery  for  a  number  of 
years.  This  paper  reviews  what  is  currently 
known  about  the  biology  and  exploitation  of 
P.  sinus;  recommendations  arc  also  made  for 
the  reseaidi  needed  to  detennine  the  statos  of 
tfak  spedes. 


Species  aecount 


Diagnostic  characters 

Norris  and  McFarland  (1958)  reported 
diat  P.  sinus  is  distinct  from  P.  Phocoena  as 
follows:  In  P.  sinus  ( 1 )  the  cranium  is  smaller 
in  adults,  with  a  relatively  much  broader  and 
shorter  rostrum;  (2)  the  basi-cranial  axis  is  de- 
flected downward  at  a  greater  angle,  in  rela- 
tion to  the  horizontal  axis  of  the  rostrum;  (3) 
the  foramen  magnum  is  rebtively  larger;  (4) 


the  maxillaiy  bone  does  not  enter  the  orbit  but 

is  excluded  from  it  by  the  lateral  margin  of 
frontal  bone,  instead  of  completely  covering 
the  lateral  margin  of  frontal  and  entering  the 
orbit;  (5)  the  maxfllaiy  leaves  a  relatively  larg- 
er exposure  of  the  dorsal  aspect  of  frontal 
bones,  where  the  latter  contact  the  supraocci- 
pital;  (6)  the  antero-ventral  extension  of  the 
nasal  bones  is  covered  by  the  mesethmoid;  (7) 
the  posterior  edge  of  the  palate  ha's  a  medial 
U-shaped  indentation  formed  of  the  medial 
edges  of  the  rounded,  roughly  triangular  pte- 
rygoid bones  and  the  ventral  extension  of  the 
vomer,  which  enters  the  palate  just  posterior  to 
the  palatine  hones.  In  P.  phocoena  the  poste- 
rior edge  of  the  palate  has  a  W-shaped  inden- 
tation formed  by  the  pointed,  usually  acutely 
triangular  pterygoid  hones  and  a  central, 
pointed  extension  of  the  palatines,  which  so- 
metimes cover  the  ventral  extension  of  the  vo- 
mer completely,  but  more  often  leave  it  as  a 
small  point  of  bone  at  their  apex;  (8)  by  the 
lower  maxillary  and  mandibular  tooth  counts. 
The  teneral  external  morphology  of  P.  sinus  a 
similar  to  P.  phocoena,  but  P.  sinus  differs  as 
follows:  (1)  total  length  is  less.  (2)  the  flippers 
are  proportionately  larger  with  more  concave 
posterior  border;  and  (3)  the  dorsal  fin  is  pro- 
portionately higher,  with  a  more  concave  po- 
sterior border. 
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General  characters 

Additional  descriptions  of  P.  sinus  skofls 
may  be  found  in  Orr  (1969)  and  Noble  and 
Fraser  (1971).  The  only  description  of  the 
post-cranial  elements  is  that  of  Noble  and 
Fraser  (1971).  The  only  photographs  and 
drawings  of  skulls  are  found  in  Norris  and 
McFarknd  (1958)  and  Noble  and  Fiaser 
(1971). 

External  measurements  are  available 
fiom  2  specimens  (SDMNH  20688  and  LACM 

28259).  These  have  not  been  published  pre- 
viously and  are  given  in  I  able  1.  The  body 
proportions  of  P.  sinus  are  closer  to  those  of  P. 
spinipinnis  than  P.  phocoena. 

Little  is  known  of  the  colour  pattern  of 
P.  sinus,  but  there  is  a  flipper  stripe.  It  Ls  widest 
at  the  anterior  insertion  of  the  flipper,  and  is 
tilinner  posterioriy.  A  narrow  component  of 
the  flipper  stripe  extends  from  the  flipper 
insertion  dorsallv  to  the  axilla. 

The  vertebral  count  is  lower  than  in 
other  species  of  Phocoena:  7  cervical*  12-13 
thoracic,  13-15  lumbar,  and  29-30  caudal  ver- 
tebrae with  19-20  chevron  bones  (Noble  and 
Fraser,  1971;  Brownell,  unpublished  data). 
The  anterior  3  oeivicals  are  fused.  The  anterior 
6  ribs  have  capitular  and  tubercular  attach- 
ments. Six  or  7  pairs  of  sternal  ribs  are  present, 
with  the  anterior  3  attached  directly  to  the 
sternum.  The  phatongeal  formufai  of  SDMNH 
20688  is:  I-l,  11-9,  III-8,  IV-4  and  V-0  (left 
side).  No  organ  systems  have  been  studied. 


Distribution 

Norris  and  McFarland  (1958)  gave  the 
range  of  P.  sinus  as  **certainly  occurring  in  die 

upper  Gulf  of  California  and  probabW  «l- 
tending  st^uth  along  the  Mexican  coast  ,  but 
they  questioned  the  reaUty  of  F.  sinus  occurr- 
ing outside  the  Gulf  of  California.  Several 
at-sea  sightings  of  this  species  have  been  re- 
ported (Norris  and  McFarland,  1958;  Norris 
and  Prescott,  1961).  However,  all  the  sightings 
sooth  of  the  upper  gulf  area  must  be  oonsi- 


TaMe  L  Fxlcmalofi 
sinus  in  mm 


l«r2j 


SDMNH 
2068B 


LACM 
282S9 


Total  length  (tip  of  Upper  jaw  10 
duke  notch) 

nip  of  i^per  Jaw 
to  gftpe 

to  centre  of  eye 
lo  blowhole 

lo  anterior  insertion  of  flipper 
to  tip  of  dorsal  fin 
lo  centre  of . 


Lmgth  of  right  flipper 
anterior  in<;erlion  lo  tip 
axilla  (o  lip 


Mtiximum  flipper  width 

Dorsal  fin 
height,  tip  lo  bate 
len^b  or  base 


riukc 

width  tip  lo  lip 

nearest  point  of  anterior  border 

to  fliilte  notch 
depth  of  fluke  notch 


1390 

1500 

Ml 

65 

I3S 

lOS 

140 

105 

260 

265 

805 

840 

960 

lOSO 

270 

280 

190 

215 

85 

100 

IIS 

155 

160 

180 

370 

370 

100 

105 

20 

20 

iMofnovtlkm 


dered  as  tentative  and  unconfirmed  as  they  are 

unsubstantiated  by  specimens,  photographs  or 
descriptions  sufficiently  detailed  to  allow  po- 
sitive identification. 

A  total  of  21  confirmed  records  of  P. 
sinus  are  known  (Brownell,  unpublished  data). 
Based  on  these  records  (Fig.  1),  this  species 
appears  to  be  most  abundant  in  the  upper  part 
of  the  gulf.  Future  studies  may  show  tnat  this  is 
the  only  place  where  it  is  found. 


ExpLorrATiON 

Few  details  are  available  on  the  exploi- 
tation of  P.  sinus.  The  exploitation  of  totoaba 
Started  in  the  early  twenties  with  hook  and  line 
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i  Ki,  1 .  The  number  of  ainfirmod  specimens  of  I'hinDenu  .unus 
in  ihe  Gulf  of  California.  Mexico  Is  reoirded  in  the  triangles.  The 
toto;iba.  dvoscion  nuicdonaldi.  is  known  in  the  stippled  area  and 
the  main  fishing  areas  are  San  Felipe.  El  Golfo  dc  Santa  Clara, 
and  Puerto  Penasco.  The  southernmost  rcairds  of  C  macdimalcli 
are  Bahia  Conception  and  Rio  f  ucrtc.  Map  modified  from 
Arvizu  and  Chavez  (1972). 

fishing  and  fishermen  were  using  gillnels  al 
least  by  the  late  forties.  Small  cetaceans  were 
taken  in  this  fishery  during  the  late  forties,  but 
exact  data  are  lacking  on  the  species  and 
numbers  of  animals  taken  (J.E.  Fitch,  personal 
communication).  The  main  gillnet  fishing 
areas  for  totoaba  are  San  Felipe,  Baja  Cali- 
fornia; El  Golfo  dc  Santa  Clara,  Sonora;  and 
Puerto  Penasco,  Sonora.  Norris  and  Prescott 
(1961)  have  reported  several  accounts  of  P. 
sinus  being  taken  during  totoaba  gillnet  fish- 
ing operations  around  San  Fehpe.  where  W.E. 
Evans  (personal  communication)  reports  a 
catch  of  10  porpoises  in  one  day  in  the  early 
seventies.  Available  information  suggests  that 
the  annual  incidental  kill  of  P.  sinus  in  the  3 
main  fishing  areas  of  the  upper  gulf  during  the 
early  seventies  was  in  the  range  of  tens  to 
hundreds  of  porpoises. 

In  1975  the  Mexican  Government  an- 
nounced a  total  closed  season  on  both  sport 
and  commercial  fishing  for  totoaba,  because 


the  species  has  declined  drastically  in  recent 
years  (Arvizu  and  Chavez,  1972;  Flanagan 
and  Hendrickson,  1976).  If  good  enforcement 
capabilities  are  available,  this  indefinite  ban 
will  decrease  the  number  of  porpoises  killed  in 
the  totoaba  fishery.  However,  gillnet  fishing 
for  other  sciaenids  and  sharks  will  probably 
continue  and  these  fishing  operations  probab- 
ly take  some  porpoises.  Cochitos  are  also  oc- 
casionally taken  in  shrimp  trawls  (Norris  and 
Prescott, 'l  961). 

Reproduction 

Nothing  is  known  about  reproduction  in 
this  species,  but  2  female  specimens  1.39  m 
and  1 .50  m  in  total  length  were  both  physically 
mature. 

Food  habits 

Fitch  and  Brownell  (1968)  reported  one 
P.  sinus  with  fish  otoliths  in  its  stomach.  The 
fish  were  identified  as  grunts  (Orthopristis 
reddingi)  and  Gulf  croakers  (Bairdiella  ici- 
slius).  Both  of  these  fishes  are  abundant 
throughout  the  upper  Gulf  of  California.  Re- 
mains of  squid  were  also  found  in  the  stomach 
of  the  same  porpoise. 

Parasites 

No  endoparasites  are  recorded  (Dailey 
and  Brownell,  1972). 

Predators 

Man  is  the  only  known  predator  of  P. 

sinus. 

Behaviour 

Only  Norris  and  McFarland  (1958)  and 
Norris  and  Prescott  (1961)  have  reported  ob- 
servations on  live  P.  sinus,  but  these  observa- 


THE  COCHITO  IN  THE  GULF  OF  CALIFORNIA 


tions  were  verv  meagre.  Usually  2  porpoises 
are  sighted  together  (Ngrris  and  Prescott, 
1961). 

Remarks 

Norris  and  McFarland  (1958)  have  dis- 
cussed the  possible  origin  of  P.  sinus  from  P. 
phocoena  from  the  eastern  North  Pacific  or  P. 

Sinipinnis  from  the  eastern  South  Pacific.  Al- 
ough  P.  sinus  is  intermediate  in  some  as- 
pects, they  favoured  the  latter  because  the 
cranium  of  P  sinus  resembles  P.  spinipinnis 
more  than  it  does  P.  phocoena.  Noble  and 
Fraser  (1971)  have  described  an  incomplete 
skeleton  of  P.  sinus  and  compared  it  with  spe- 
cimens of  P.  phocoena  and  P.  spinipinnis.  They 
stated  (hat  the  axial  skeletons  of  P  sinus  sug- 
gested a  closer  aflinity  to  P.  spinipinnis  than 
with  P.  phocoena.  The  2  complete  axial 
skeletons  that  I  have  collected  of  P.  sinus  agree 
with  the  specimen  described  by  Noble  and 
Fraser  (1971).  Externally  P.  sinus  lacks  the 
peculiarly  shaped  and  tuberculated  dorsal  fin 
of  P.  spinipinnis.  but  the  size  of  the  pectorals 
and  other  external  measurements  of  P  sinus 
are  more  similar  to  P.  spinipinnis  than  lo  P. 
phocoena.  Thus,  P.  sinus  and  P.  spinipinnis 
appear  to  be  closely  related.  Phocoena  sinus 
probahlv  evolved  as  the  result  of  a  northward 
movement  of  an  ancestral  P.  spinipinnis  stock 
into  the  Gulf  of  California  during  one  of  the 
Pleistocene  i^ladal  ages  (Norris  and  McFar- 
land, 1958).  ^ 


RecofflineiMlatMNis  for  research 


Data  are  needed  on  the  preset  catch  of 

P.  sinus  which,  although  low,  may  represent  a 
considerable  impact  on  the  localized  and  rela- 
tively small  population.  Additional  research 
needs  are  to:  (i)  examine  carcasses  of  stranded 
or  incidentallv-taken  porpoises  to  determine 
the  basic  hfe  history  parameters;  (2)  review 
gill-net  and  trawl  fisheries  for  totoaba,  other 
sdaenids,  sharks  and  shrimps  in  the  upper 
Gulf  of  California  to  determine  how  long  P. 
.unus  has  been  taken  incidentally:  (3)  evaluate 
the  probable  impact  of  future  incidental  lakes 
of  P.  sinm  by  fishing  operations  in  the  upper 
Gulf:  (4)  obtain  more  information  on  the  total 
range  of  P.  sinus:  (5)  evaluate  the  effects  on  the 
habitat  of  the  diversion  of  the  Colorado  River 
water  for  agricultural  purposes,  and  of  insec- 
ticide  contamination  in  the  river:  and  (6)  eva- 
luate the  probability  of  harassment  from 
increasing  tourist  boat  irallic  m  the  upper  gulf. 
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STATUS  OF  BURMEISTER'S  PORPOISF,  PHOCOENA  SPINIPINNIS, 
IN  SOUTHERN  SOUTH  AMERICAN  WATERS 


R.L.  Brownell,  Jr.  and  R.  Pradebi 


This  paper  reviews  current  knowledge  of  Burmeister's  porpoise  {Phucoena  spinipmnis), 
probably  the  most  abundant  coastal  small  cetacean  in  southern  South  American  waters  and 
probably  existing  in  two  isolalcil  Atlantic-  and  Pacific  populaiit^ns.  Although  almost  nothing  is 
known  about  the  population  sL2e  or  !>tate  of  either,  the  Pacific  population  is  the  largest  of  the 
two.  the  population  in  die  Atfaniic  perhaps  being  Ifanited  by  competition  Trom  four  other 
small  cetaceans.  Diagnostic  and  general  characters  of  its  morphology  are  given;  verv  little  is 
known  about  any  other  aspect  of  its  biology.  Large  numbers  of  this  species  are  taken  inci- 
dentally in  Peru  and  Chile,  though  no  catch  statistics  are  available.  A  small  number  are  also 
taken  each  voar  in  Argentina  and  Unigunv  In  order  to  assess  the  magniludeof  this  mortality, 
calch  statistics  and  data  relating  to  its  life  history  should  be  collected. 

Rimmi 

Lcs  autcurs  font  le  point  dcs  connaissanccs  actuelles  sur  Ic  marsouin  de  Burmcister 
(Pkocoena  spinipinnis)  qui  est  sans  doute  le  petit  cetace  cotier  le  plus  abondant  des  eaux 
australes  de  rAmerique  du  Sud  et  qui  forme  prt>bablement  deux  populations  distinctes:  celle 
de  I'Atlantique  et  celle  du  Paciflque.  Encore  qu'on  ignore  presque  tout  de  la  taille  ou  de  I'etat 
de  Tune  et  I'autre,  la  population  du  Pacifique  est  la  plus  importanie  des  deux,  hi  population 
atlantique  elnnt  peut-c'trc  limitcc  p;ir  la  concurrence  de  quatre  autres  petits  cctaccs.  Kes 
autcurs  donncnt  les  caractenstiques  diagnostiqucs  el  g^irales  de  la  morphologic  de  ce 
marsouin;  les  autres  aspects  de  sa  biologie  sont  tr^  mal  conn  as.  Un  grand  nombre  d'animaux 
est  capture  acccssoircmcnt  an  Penni  ct  au  Chili.  maisOttnc  possi-Ji-  p.is  de  sialistiques  sur  lcs 
captures.  Un  petit  nombre  est  aussi  captur<^  chaque  ann6e  en  Argentine  et  en  Uruguay.  II 
oonvtendrail  de  laasembler  des  statistiques  de  captures  et  des  donnies  sur  le  ^de  Uologiquc 
de  P.  jpingmmis  pour  Itre  i  mtoie  d'estimcr  Tordre  de  grandeur  de  hi  mortality. 

Extracto 

Se  examinan  los  conocimientos  actuales  sobrc  la  marsopa  de  Burmcister  {Phocoena 
^fUUfritutis),  que  probablemente  es  el  ceticeo  costero  de  pequena  talla  mas  abundanie  en  las 
aguas  meridionales  de  Sudamirica  y  con  toda  prohahilidad  esti  dividido  en  dos  pohlaciones 
aisladas,  una  en  cl  Ailantico  y  otra  en  el  PaciHco  Aunque  no  se  sabe  casi  nada  sobre  el 
VOiumeno  la  situacion  de  ambus  pohlaciones,  la  del  Pacil'ico  es  la  mayor  de  las  dosy  cs  posibic 
que  la  poblacidn  del  Atlantico  se  vea  limitada  a  causa  de  la  oompetencia  de  otros  cuatro 
pequenos  cetAccos  Se  indican  sus  caracteristtcas  morfologicas  distintivas  v  gencralcs:  se  sabe 
muy  poco  sobrc  los  dcmas  aspectos  de  su  biologia.  En  Peru  y  Chile  se  capturan  accidental-  91 
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mentc  gran  nCimero  de  animalcs  de  csta  especie,  aiinqiif  no  se  dispone  de  cstadisiicas  de 
captura.  Tambi^n  en  Ai;gentina  y  Uruguay  se  captura  todos  lus  ahus  un  pequeno  numero  de 
manopaa.  Para  cstfanar  la  imponanda  de  csta  causa  de  mortalidad  es  necesario  leooger 
estadbticas  de  captaia  y  datos  tobre  d  dck>  vHal  de  estos  animates. 


R.L.  BrowneH,  Jr. 

Johns  Hopkins  University.  Box  84,  Baltimore.  Maryland  21205,  USA 
R.  Praderi 

Depariamento  de  Zoologia,  Museo  Nacional  de  Historia  Natural,  Casilla  de  Correo  399, 
Mo$Uefidet^  Uruguay 


Introduction 


Burmeister's  porpoise  {Marsopa  espino- 
sa)  Phocoena  ^inipinnis,  is  probably  the  most 
abundant  coastal  small  cetacean  in  southern 
South  American  waters,  and  large  numbers  of 
these  porpoises  are  taken  in  Peru  and  Chile 
each  year  incidental  to  various  teleost  fish- 
eries. A  small  number  of  these  porpoises  are 
also  taken  each  year  in  Argentina  and  Uru- 
guay. However,  very  little  is  known  about  the 
state  and  biology  of  this  spedes.  This  paper 
reports  what  is  currently  known  about  A  api- 
nipinnis  and  recommends  researdi  needed  to 
better  determine  its  state. 


Species  account 


Diagnostic  characters 

The  original  description  of  the  holotype 
of  P.  qrin^innis  was  based  on  the  distinctly 


shaped  dorsal  fin  (Bunneister,  1865)  and  m  a 
later  report,  Bormeister  (1869)  described  skull 

difierences  between  P.  spinipinnis  and  P.  pho- 
coena. The  general  external  morphology  is  as 
in  other  species  of  Phocoena  except  for  the 
peculiar  shaped  dorsal  fm  and  the  relativ^ 
larger  pectorals.  The  skull  in  general  character 
is  like  that  of  P.  phocoena,  but  spinipinnis  dif- 
fers as  follows:  (i)  the  brain-case  is  much  less 
compressed  from  front  to  back;  (ii)  in  lateral 
view,  the  dorsal  profile  of  the  supraoccipital 
bone  is  in  line  with  the  dorsal  profile  of  the 
rostrum  instead  of  tilted  at  an  angle  of  slightly 
over  20^;  (iii)  the  size  of  the  temporal  fossa  is 
larger,  and  (iv)  the  total  tooth  count  is  lower, 
between  14  and  16  upper  teeth  on  each  side  (6 
specimens)  and  17  to  19  lower  teeth  on  each 
Side  (6  specimens). 

General  characters 

The  onlv  comparative  skull  description 
of  ail  four  species  oi  Phocoena  is  that  of  Norris 
and  McFailand  (19S8).  Additional  dcsoip* 
tions,  photographs  and  measurements  of  P, 
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spinipinnis  skulls  may  be  found  in  Allen 
(1925),  Praderi  (1971),  Noble  and  Fraser 
(1971)  and  Pflleri  and  Gihr  (1972).  No  com- 
parative descr^ition  has  been  made  of  all 
Phocoena  species  skeletons,  but  Noble  and 
Fraser  (1971)  have  compared  the  skeletons  of 
P.  spinipinnis,  P.  sinus  and  P.  phaeoena.  Allen 
(1925)  and  Pilleri  and  Gihr  (1972)  have  de- 
scribed and  illustrated  some  post-cranial  bones 
of  P.  ^inipinnis.  The  mean  condylobasal 
leneth  in'lO  specimens  is  273  mm  with  a  range 
of&4to290mm. 

Burmeister(1865)  reported  that  the  total 
length  of  the  holotype  was  1.62  m,  but  Gallar- 
do  (1917)  stated  that  its  length  remounted  was 
1 .68  m.  We  have  examined  specimens  from  off 
Punta  del  Diablo.  Uruguay,  that  were  between 
1.79  and  1.83+  m  in  total  length. 

Little  is  known  about  the  colour  pattern 
of  P,  qfUiipinnis,  and  few  external  measure- 
ments are  available  (Burmeister,  1869;  Allen, 
1925). 

The  vertebral  count  of  one  specimen 
was:  7  cervical,  14  thoracic,  15  lumbar  and  32 
caudal  vertebrae  (Allen,  1925).  The  first  3  cer- 
vical vertebrae  are  fused.  The  first  8  ribs  have 
capitular  and  tubercular  attachments.  Seven 
pairs  of  sternal  ribs  are  present,  with  the 
anterior  4  attached  directly  to  the  sternum.  No 
other  organ  systems  have  been  studied. 


Distribution 

Along  the  Atlantic  coast  of  South  Amer- 
ica this  species  is  known  from  off  Uruguav 
(Praderi,  1971;  Pillcn  and  Gihr,  1972)  and 
soufhwaird  to  Patagonia,  Argentina  (Praderi, 
1971).  On  the  Pacific  side  of  South  America  it 
is  known  from  between  Valdivia.  Chile 
(39"50S)  northward  to  Bahia  de  Paita  (05  OlS), 
Peru  (Aguayo,  1975;  Allen,  192S).  The  distri- 
bution of  P.  spinipinnis  along  the  coasts  of 
southern  Argentina  and  Chile  is  poorly 
known,  but  recently  2  specimens  were  collect- 
ed from  near  Ushuaia,  Hem  del  Fu^»  Ar- 
gentina (R.N.P.  Goodall,  pers.  comm.). 


Sub-species  are  not  recognized  but  there  are 
probably  2  stocks,  one  on  each  side  of  South 
America.  The  distribution  of  the  "Pacific** 
stock  is  better  known  than  the  Atlantic,  and  it 
coincides  with  the  warm-temperate  waters 
(warm-temperate  waters  as  defined  by  Briggs, 
1974)  in  the  eastern  South  Pacific. 


Population  dynamics 

Nothing  is  known  about  the  population 
size  and  state  of  either  the  "Atlantic"  or  "Pa- 
cific" stocks.  However,  something  can  be  said 
about  these  2  populations  based  on  the  habi- 
tats in  which  they  exist  and  the  other  species  of 
small  coastal  cetaceans  that  occur  within  the 
range  of  P.  spinipinnis.  This  porpoise  is  appar- 
ently restricted  to  shallow  waters.  As  the  con- 
tinental shelf  is  wider  on  the  Atlantic  than  the 
Pacific  coast,  the  Atlantic  has  a  larger  prefer- 
red habitat.  This  would  suggest  that  me  relative 
population  size  of  P.  spinipinnis  in  the  Atlantic 
might  be  larger  than  the  Pacific  population. 
However,  based  on  our  survey  of  museum 
specimens,  field  work»  and  cath  records  of  this 
species,  the  "Pacific"  population  is  by  far  the 
larger  of  the  two. 

Many  small  odontocetes  restricted  to 
coastal  waters  have  distributions  that  usually 
coincide  with  migor  zoogeographic  regions  or 
coastal  provinces  within  these  regions.  As 
noted  before,  the  distribution  of  P.  spinipinnis 
in  the  eastern  South  Pacific  coincides  with  the 
warm-temperate  water  in  this  area.  In  the  west- 
em  South  .Atlantic,  P.  spinipinnis  is  known 
from  both  warm-temperate  and  cold-iemper- 
ate  waters,  but  4  other  spedes  of  small  ceta- 
ceans Sotatia  fluviatilis,  Pontoporia  blainvillei 
(both  warm -temperate  waters),  Cephalorhyn- 
chus  commersonii  and  Lagenorhj  nchus  austra- 
Us  (both  oold-temperate  waters)  are  the  domi- 
nant coastal  cetaceans  in  this  area  (Brownell. 
1974,  1975).  This  suggests  that  competetivc 
exclusion  may  be  acting  against  P,  spinipinnis 
m  the  western  South  Adantic,  but  m  the 
warm-temperate  waters  of  the  eastern  South  93 


CO|-y  I  lyt  uu  J  1 1 1  diLI  lal 


R.L.  BROWNELL.  JR.  *  R.  FRAWRI 


Pacific.  P.  spinipinnis  is  very  successful,  as  no 
Other  cetacean  compeutors  exist  here. 

Exploitation 

Some  figures  recently  published  on  the 
take  of  this  species  in  Peru  are  confusing. 
Mitchell  (1975)  stated  that  Norris  reported 
that  250  000  lb  of  porpoise  meal  are  sold  each 
year  in  Peru.  Aguayo  ( 1 975)  and  Anon.  ( 1 975) 
reported  that  the  amount  was  250  000  lb  of 
poq^oise  not  porpoise  meat.  The  correct  figure 
is  "close  to  2  coo/year".  P,  spinipinnis  are 
taken  m  Peru  QxXiei  of  27/12/74  from  K.S. 
Norris  to  E.  Mitchell).  Norris'  source  for  this 
figure  was  Jorge  Meijia  of  the  Institute  del 
Mar  del  Peru.  The  other  reports  provide 
inf<»niation  on  the  exploitation  of  A  spini- 
pinnis  in  Peru.  Clarke  (1962)  noted  it  is  com- 
monly offered  for  sale  at  the  fish  market  in 
Chimbote.  Grim  wood  (1969)  slated  it  is  fre- 
quently taken  along  the  coast  by  small  boat 
nshennen  and  at  &n  Andres  (B'SO'S)  they 
are  on  sale  every  day  as  well  as  at  other  fish 
markets.  Actual  catdi  statistics  are  not  avail- 
able, but  htformation  collected  on  the  inci- 
dental lake  of  this  species  in  Peru  suggests  that 
the  2  0(X)/year  figure  reported  hv  Norris  is  a 
very  conservative  one  (Browncll  and  J.G. 
Mead,  unpublished  data,  Februaiy  1976). 

Aguayo  (1975)  reported  that  P.  spinipitt' 
nis  is  common  in  northern  Chile  (Iqui- 
que-Antofagasla)  and  is  taken  for  human 
consumption.  In  addition,  this  species  is  taken 
in  the  provinces  of  Tarapaca,  Antofagasjla  and 
Coquimbo  in  the  north;  Valparaiso  and  Con- 
cepcion  in  central  Chile,  and  Valdivia  m  the 
south,  where  fishermen  catch  small  cetaceans 
accidentally  in  gillnets  (Mitche^,  1975).  No 
catch  statistics  are  available. 

A  small  number  of  P.  spinipinnis  are  also 
taken  each  year  in  Argentina  and  Uruguay. 
Castello  (1974)  reported  that  these  porpoise 
are  occasionally  taken  in  nets  by  fishermen, 
and  Goodall  (Pers.  comm.)  reported  2  animals 
taken  in  nets  used  for  crab  fishing  in  Aigenti- 
nian  waters.  We  obtained  4  specimens  of  this 


species  taken  by  shark  fishermen  with  gillnets 
over  a  1 year  period  oil  Punta  del  Diablo, 
Uruguay  (PiUeri  and  Oihr,  1972). 


Reproduction 

Almost  nodiing  is  known  about  repro- 
duction in  this  species,  but  a  near-term  foetus 
(male,  44  cm  m  total  length)  was  collected  on 
24  Februaiy  1973  from  a  1.83+  m  carcass 
(RLB  901)  in  Uruguayan  waters.  This  suggests 
that  calvine  can  take  place  during  the  austral 
fall.  One  inaie  (AO  1974-23),  1.80  m  in  total 
length,  had  sexualfy  active  testes. 


Food  habits 

The  sKnnadi  contents  of  1  specimen 
from  off  Uruguay  was  available  for  study  (RP 
301).  Identifiable  remains  in  this  specimen 
were  one  Merluccim  faihbsi  and  one  Pagrus 
sedecim.  One  unidentified  squid  was  also 
present 


Parasites 

No  endoparasitcs  arc  recorded  (Dailey 
and  Brownell,  IS^)  but  one  specimen  we 
examined  (RP  301)  had  nematodes  m  its 
stomach. 


Predators 

Man  is  an  important  predator.  No  natu- 
ral predators  are  known,  but  the  killer  whale, 
Orcimis  orca,  is  a  possibility. 


Behaviour 

Nothing  is  known  about  the  behaviour 
of  this  species.  Aguayo  (1975)  observed  a 
group  of  8  porpoises  at  the  mouth  of  the  Loa 
River.  Chile  (21*15$)  in  October  1965. 
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for  research 


The  following  actions  are  needed  in 
order  to  assess  the  magnitude  of  the  incideiital 
kill  of  this  species  properly: 

(i)  Start  a  programme  to  collect  statistics  on 

the  catch  of  this  and  other  species  of 
small  cetaceans  at  some  of  the  main  lo- 
calities where  they  arc  tlshcd  in  Peru  and 
Chile. 

(ii)  Start  a  programme  to  collect  specimens 
(teeth,  gonads,  etc.)  Irom  porpoise  car- 


casses so  that  life  history  parameters  can 
be  estimated. 

The  above  preliminaiy  work  must  be 
done  before  a  large-scale  research  plan  (if  that 
is  necessary)  can  be  formulated. 
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THE  PRESENT  STATUS  OF  THE  GANGETIC  SUSU, 
FLATANISTA  GANGETICA  (ROXBURGH),  WITH  COMMENTS 
ON  THE  INDUS  SUSU,  P.  MINOR  OWEN 


S.  Jones 


The  Gangetic  susu,  Platanista  gangelica,  is  widely  distributed  in  the  navigable  scctOfS 
or  the  Canga  (Canges)-Brahmaputra-Meghna  river  system  in  India,  Bangladesh  and  Nepal, 
from  the  foot  of  the  Himalayas  and  adjacent  eastern  hill  ranges  to  the  tidal  zone,  and  in 
part  of  the  Kamaphuii  River  The  species  is  non-gregarious,  it  being  very  rare  that  two  or 
more  animals  arc  sighted  tugclhcr.  A  description  of  ihc  HiMiphh  River  is  given  as  a  ^ical 
habitat  of  the  susu.  its  scientinc  and  common  names  arc  abo  discussed. 

The  present  state  of  the  dolphin's  distribution  and  abundance  is  reviewed  and  its 
population  in  various  sectors  is  estiniiiiocl,  indicating  :i  toinl  population  of  approximately 
4  (XX)-5  (XX).  From  available  data,  it  is  believed  that  there  is  no  depletion  in  the  Gangetic  Delta 
region  or  in  the  upper  reaches  of  the  Meghna  and  Brahmaputra  Rivers,  while  in  the  Ganges 
proper  and  its  tributaries,  the  susu  is  much  less  numerous  than  in  former  days  (current 
estimate,  500-750),  primarily  due  to  accidental  capture  in  the  nets  of  fishermen,  which  also 
oonus  in  other  areas  of  its  range;  no  dnect  fishery  for  the  animal  exists.  Reliable  information 
of  the  status  of  the  species  is  available  only  for  rivers  in  Bangladesh,  where  it  appears  to  be 
increasing  in  abundance;  this  may  also  be  the  case  in  the  Brahmaputra  system  in  India. 

Although  die  species  is  in  no  immediate  danger  of  extermination  and  has  so  far  been 
able  to  withstand  heaN'y  pollution  in  some  areas  where  it  is  found,  its  primary  habitat  (the 
Ganges  river  valley  and  delta  region),  is  the  home  of  approximately  300  million  people:  dam 
construction,  diversion  of  water  fbr  irrigation  and  increasing  discharge  ofefriuents  continue  to 
bring  about  advoie  eavnonment  conditions,  especially  in  the  Ganges  proper.  The  effects  of 
(he  Farakka  Barrage  especially  should  be  monitored.  It  is  recommended  that  additional 
research  on  the  Ganges  susu,  including  studies  of  il.s  general  biology,  migration,  di.slnbulion 
and  population  size  be  undertaken  witt  cooperation  between  the  countries  concerned.  Sanc- 
tuaries in  selected  sections  of  the  river  svstem  should  be  established.  Suggestions  are  given  for 
repopulalion  of  reservoir  secuons  of  some  tributaries  of  the  Ganges  and  for  transplantation  of 
the  apedes  into  acQaoent  river  systems. 

The  Indus  susu  (Platanista  minnr)  was  fOTBieriy  distributed  widelv  in  ihe  Indus  River 
and  its  tributaries.  About  400  animals  are  now  thought  to  survive  immediately  above  the 
Sukkur  Banage;  Huntiiig  of  (he  anhnal  for  its  oil  and  Ac  diversion  of  water  for  irrigation  are 
the  causes  of  this  decline.  Complete  protection  of  the  species  is  necessaiy  to  prevent  its 
extinction. 


Le  susu  du  Gange,  PbOausta  gangetka^  est  laigement  distribu6  dans  ks  sections  navi- 
gables  du  systime  fluvial  Gange>tohniapoutre-Meghna  de  Hnde,  du  Bangladesh  et  du  97 
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N^pul.  depuis  les  contreforts  de  ['Himalaya  et  des  collines  orientales  limitrophes  jusqu'd  la 
zone  d'csluairc  c(  une  partie  de  la  rividre  Kamaphuli.  L'csp^-e  n'est  pas  grdgaire  ct  il  est  tris 
rare  de  voir  deux  animaux  on  fdus  k  la  fois.  L'auteur  d6crit  rHooghly,  habitat  typique  du  sum. 
Ses  appellations  scientiriquc<;  et  communes  sont  aussi  discutee<; 

I  aulcur  indiquc  I'ctai  dc  ia  distribution  ct  dc  I'abundancc  du  dauphin  ct  foumit  une 
estimation  de  la  population  dcs  divers  secteurs;  le  total  de  la  population  est  d'environ 
4  000-5  000  animaux.  D'apres  les  donnees  disponibles,  on  pense  qu'il  n'y  a  pas  de  diminution 
dans  la  region  du  delta  du  Gange  ou  dans  le  cours  sup^rieur  du  Meghna  et  du  Brahmapoutre, 
alon  que  dans  le  Gange  m£me  et  ses  affluents  les  susus  sont  bien  moins  nombreux  que  par  le 
paSB^  (estimation  aclucllc:  500-700  animaux),  surlout  en  raison  des  captures  accidcniclles 
dans  tes  filets  des  pecheurs,  ce  qui  se  produit  uussi  daos  d'autres  parties  de  son  domaine. 
L*animal  n'est  I'objet  d*aucuiie  ptehe  diiccte.  On  ne  dispose  d'infbrmationB  fiabtes  sur  Yitai 
dc  I'cspice  que  pour  )cs  cours  d'eau  du  Bangladesh,  oil  il  ^enihli.'  que  son  aboodaooe  S*ao- 
croi&se.  Ce  peut  etre  aussi  le  cas  dans  le  systeme  du  Brahmapoutre,  en  Inde. 

Encore  que  Tesptee  ne  soit  pas  menacte  d*extennmation  immediate  et  qu'elle  ait  pu 
jusiju'ici  rdsistcr  A  la  lourdc  ptillution  dc  ccrlaincs  rcs'ions  oii  cllc  sc  trouvc.  son  habitat 
principal  (la  valine  et  le  delta  du  Gange)  a  une  populauon  d'cnviron  300  millions  dc  pcrson- 
nes:  la  construction  de  barrages,  le  d^umenient  des  eaux  pour  Tirrigaiion,  le  d^versement 
croissant  des  effluents  continucnt  a  anicicr  ncjiaiivcmcnt  i'environnemcnt,  spccialcmcnt 
dans  le  Gange  proprement  dit.  II  conviendrait  de  surveiller  specialement  les  efTets  du  barrage 
de  Farakka.  II  est  reoommand^  que  des  recherches  suppKmentaires  sur  le  susu  du  Gange.  y 

compris  Tcludc  dc  sa  biologic  gcndralc,  dcs  migrations,  de  sa  dLstribulion  ct  dc  la  taille  de  la 
population,  soient  entieprises  en  cooperation  avec  les  pays  int^ress^.  11  conviendrait  de  ctier 
des  sanctuaires  dans  des  sections  s£lectionn6e8  du  syst&me  fluvial  L*auteur  foumit  des 
suggestions  pour  le  repeuplement  des  sections  reservoirs  de  certains  affluents  du  Gange  et 
pour  la  transplantation  de  Tespice  dans  des  syst^mes  fluviaux  voisins. 

Le  susu  de  Plndus  (P!atanista  minor)  itait  anciennemcnt  largement  rdpandu  dans 
rindusetses  affluents.  On  pctiN;  iin  rnviron  400  animaux  survivcnt  aujourd'hui,  immidia- 
tement  en  amont  du  barrage  de  Sukkur.  Ce  didin  a  tii  provoqu^  par  la  chasse  k  Tanimal  poiv 
en  tirer  de  l*huile  et  par  le  detouraement  des  eaux  aux  fins  d'irrigation.  II  est  ntessaiw  que 
I'esptee  soit  lotalement  protigde  pour  Mxer  son  extinction. 

La  platanista  del  Ganges  (Plalanisla  gangeiica)  se  encucntr a  cn  todos  los  tramos 
navegables  del  sistema  fluvial  Ganges-Brahmaputra-Mcghna  (India.  Bangladesh  y  Nepal), 
desde  las  estribaciones  del  Himalaya  y  las  cadenas  orientales  adyacentes  hasta  el  limite  de  las 
mareas.  y  en  algunas  zonas  del  no  Kamafuli.  Es  una  espccic  no  gregaria.  y  es  raro  ver  juntos 
dos  o  mis  animales.  Se  describe  el  rio  Hooghly  oomo  habitat  tipioo  de  esta  platanista  y  se 
examinan  sus  nombrcs  dentifico  y  vulgar. 

Se  estudia  la  disiribucidn  y  la  abundancia  de  esta  plantanista  en  la  actualidad  y  se 
prcscnia  una  estimaci6n  del  volumcn  de  la  pobiacidn  en  varias  zonas,  indicando  una  cifra 
total  del  orden  de  4  0(K)-S  000  animales.  A  juzgar  por  los  dates  disponibles.  no  parccc  que  esta 
especie  haya  disminuido  en  numeroen  la  region  del  delta  del  Ganges  o  en  las  cuencasaltas  del 
Meghna  v  del  Brahmaputra,  mientras  en  el  Ganges  propiamente  dicho  y  en  sus  tributarios  cs 
mucho  menos  riumcrosa  que  antiguamente  (estimacion  actual.  5(X)-750),  debido  principal- 
mente  a  que  algunos  animales  mueren  accidentalmenie  en  las  redes  de  los  pescadores.  cosa 
que  sucedc  tambicn  en  olras  /onas  del  area  dc  distribucion  dc  csla  cvpccio  Nd  cxistc 
explotacion  direcia  dc  estos  animales.  La  iinlca  inlormacion  tldcdiiina  sobrc  la  siiuacion  dc  la 
especie  se  refiere  a  algunos  rios  de  Bangladesh,  donde  su  nOmero  parece  ir  en  aumento.  Es 
posibic  que  suceda  lo  misnio  cn  c\  sistL-nia  del  Brahmaputra,  en  la  India. 

Aunque  la  cspccic  nu  corrc  pcligru  inmedialo  de  cxtmcion  y  hasta  la  fccha  ha  podido 
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resistir  a  la  grave  contaminaci6n  dc  algunas  dc  las  7xinas  cn  que  se  encucntra.  hay  que  tener 
prescntc  que  en  la  zona  que  conslituye  su  habitat  phmario  (valle  del  rii)  Cianges  y  rcgi6n  del 
delta)  viven  apioximadamente  300  millones  de  personal.  La  construccion  de  presas,  la 
desviacion  de  aguas  para  ricpe  \  la  crccicnlc  dcscarca  dc  apuas  residuales  siguen  hacicndo 
enipcorar  las  conditioncs  ambicnialcs.  eipecialniente  en  el  Ganges  propiamente  dicho.  Hay 
que  segiiir  con  especial  atencidn  los  efecios  de  la  constnioci^n  de  la  presa  de  Farakka.  Se 
recomienda  que  se  inicien  nuevas  investigacioncs  sobrc  la  platanista  del  Gan<.'es,  cn  especial 
en  lo  relatjvo  a  biologia  general,  movimicnios  migralorios,  distribucion  y  poblacion,  con  la 
colaboradta  de  los  disttntos  paises  inteiesados.  Debertan  estableceise  santuarios  en  deter* 
minados  tramos  del  sistema  fluvial.  Se  hacen  alciinas  sugercncias  para  repoblar  los  cmbalses 
dealgunos  iribulahos  del  Ganges  y  sobrc  la  posibilidad  dc  trasplantar  esta  especie  a  sistemas 
fluviales  adyaoentes. 

La  platanista  del  Indo  (Platanista  minor)  se  encontraha  antes  cn  t:Hlo  c!  riii  Indo  v  sus 
tributanos.  Hoy  dia  sc  crcc  que  sobrcvivcn  unos  400  animales,  inmediatameote  por  encima  de 
la  presa  de  Sukleur.  Las  causas  de  la  disminud6n  de  su  nAmero  son  la  caza  de  estos  animales, 
para  ohicncr  ;K-citc.  y  la  desviacion  Jc  aiitias  pan  el  riego.  Es  neGcsario  pfoteger  completa- 
mente  esta  especie,  para  impedir  que  sc  extinga. 
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Introduction 


The  2  freshwater  dolphins  of  the  sub- 
continent of  India,  commonly  called  susu. 
distributed  in  the  river  ^sterns  of  the  Ganges 
and  the  Indus,  have  been  receiving  increasing 
attention  in  recent  years  from  biologists  and 
conservationists,  particularly  in  view  of  the 
threat  of  extermination  faced  by  the  Indus 
susu.  The  present  status  of  the  Gangctic  susu  is 
discussed  in  this  account  with  some  remarlcs 
on  the  Indus  susu. 


Identification 


Anderson  (1878)  in  his  exhaustive  work 
considered  both  to  belong  to  the  same  species 

\  i/ .  Platanista  ^angetica  (Roxburgh,  1801), 
which  is  still  found  in  appreciable  numbers  in 
the  Ganga-Brahmaputra-Meghna  River  sys- 


tem, from  the  tidal  zone  to  the  foot  of  the 
mountains.  In  all  the  publications  of  the  last 
few  years,  including  those  by  the  pment  au- 
thor, the  Latin  name  of  the  Indus  susu  is  piven 
as  Platanista  indi  Blyth.  In  a  very  recent  note, 
van  Bree  (1976)  has  pointed  out  ^at  according 
to  "International  Code  of  Zoological  No- 
menchiliire"  indi  Blvth  1859  should  be  consid- 
cred  a  junior  synonym  of  minor  Owen,  1853. 
Owen  (18S3)  described  Platanista  gangetica 
var.  minor  from  a  skull  of  the  susu  from  the 
Indus  River.'  Van  Bree  (1976)  has  rightly 
pointed  out  that  if  specific  status  is  given  to  the 
Indus  susu,  it  should  be  known  as  Platanista 
minor  Owen.  1853.  on  the  basis  of  the  recent 
version  of  article  23  of  the  "Inlcmaiional  Code 
of  Zoological  Nomenclature".  He  also  points 
out  that  Hershkovitz  (1966),  in  his  catalogue  of 
living  whales,  has  listed  both  names,  viz., 
minor  Owen  and  indi  Blyth  in  chronological 
onto*  and  that  this  appean  to  have  escaped  the 
attention  of  subsequent  authors. 


This  skull  was  destroyed  during  (he  sevond  world  war, 
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According  to  Pilleri  and  Gihr  (1971a), 
who  carried  out  detailed  studies  on  the  skulls 
of  both  spedes,  **the  nasal  oest  on  the  cau- 
do-dorsal  edge  of  the  two  fronials  of  the  neu- 
rocranium  constitutes  a  constant  morphologi- 
cal character  of  a  specific  nature  and  is  far  less 
prominent  in  PkOmusta  intH  than  in  P.  gan- 
gaicd".  In  the  latter  it  projects  above  the 
frontals  as  a  clearly  visible  ridge  to  an  average 
height  of  10.5  mm  in  adult  specimens  while  in 
the  Indus  susu  it  is  distinctly  lower  and  oaSy 
projects  1-4  mm.  Another  character  distin- 
guishing the  2  is  the  difference  recorded  (Pil- 
leri and  Gihr,  1971)  in  the  "caudal  height  of 
the  maxiUaiy  crest  that  is  greater  in  the  dol- 
phins from  the  Ganges  and  Brahmaputra 
(both  on  the  right  side  and  on  the  left)  than  in 
those  from  the  Indus".  In  addition,  the  studies 
by  Kasuya  (1972)  have  shown  significant  dif« 
ference  in  the  length  of  the  tail  portion  (anus  to 
tail  notch).  However,  he  did  not  consider  the 
distinguishing  characters  signiticanl  enough  to 
give  tnem  specific  status  and  considered  them 
to  be  2  sub-species,  viz.,  Platanista  gangetica 
gangetica  and  Platanista  i^an^etica  indi.  In 
view  of  the  foregoing  differences  and  their  sep- 
arate distribution,  I  am  of  the  opinion  that 
the  Indus  susu  should  be  given  a  specific  status 
with  the  1  atin  name  of  Platanista  niinorOv,'cr\. 
1853,  which  has  priority  over  Platanista  indi 
Blyth,  1859.  Both  species  are  of  considerable 
interest  from  the  pomt  of  view  both  of  science 
and  of  their  survival. 


Common  names 


The  common  name  susu  in  English  is 
derived  from  the  Hmdi  names  "sus",  "susu", 
"sous",  "susa"  and  "sunsar"  which  is  evidently 
derived  from  the  breathing  stiund  produced 
while  surfacing.  In  Bengali-speaking  areas,  it  is 
known  as  "susuk",  "sishuk",  "'shushuk"  and 
"sishumachh**,  the  last  meaning  "sishu-fish**, 
("machh"  =  fish).  In  As.sam  it  is  called  "hi- 
100    ho",  "hihoo".  "seho",  "shuhu"  and  "sehoo". 


and  in  Sylhet  district  "hugh"  and  "huh".  In 
Nepal  it  is  known  as  "swongsu",  and  in 
Sandcrit  as  "sansar**  which  means  the  sea  or 
ocean  -  presumably  meaning  an  animal  of 
the  sea  which  shows  that  the  ancients  knew  of 
its  marine  origin.  The  Hindi  name  "sunsar" 
would  probabfy  have  been  derived  from  tiie 
above.  Many  of  these  local  names  have  been 
mentioned  by  Blanford  (1888)  and  Sclatter 
(1891).  The  Indus  susu  is  known  as  "buhiaan" 
in  Sind,  Pakistan. 


Gaiges 


General  distribution 

Platanista  gangetica  is  widely  distrib- 
uted in  the  broad  and  deep  sections  of  the 
Ganges-Brahniaputra-Meghna  nver  system 
and  meir  major  tributaries,  from  the  tidal  zone 
to  the  foot  of  the  Himalayas,  the  Garro  Hills  of 
Meghalaya  and  the  Cachar  Hills  of  Assam 
(Fig.  1).  The  Ganges  has  its  origin  in  the  Hi- 
malayas as  do  its  tributaries  such  as  the 
Jumna  '  the  Gogra,  the  Gandak  and  the  Kosi. 
all  of  which  have  the  susu  in  their  entire  course 
through  the  plains.  Similarly,  a  number  of 
rivers  flow  into  the  Bmhmaputra  and  the 
Mcghna.  and  the  dolphin  occurs  in  all  of  (hem 
except  in  sections  where  conditions  are  unfa- 
vourable because  of  lack  of  water  or  the  un- 
suitability  of  terrain.  Anderson  (1878)  made  a 
comprehensive  sludv  of  Platanista  and  ^ve 
the  distribution  of  the  species  in  the  various 
rivers.  According  to  him  *The  upward  range  of 
this  dolphin  is  apparently  only  limited  by 
insufficient^  of  water,  and  by  rocky  barriers. 


^  Ihc  Kivcr  Jumna  onginalcs  in  ihc  lufiri  (i.irhwal 
scclinn  of  Ihc  CirtMl  Himalayan  Range  ininu-di.nclv  wcM  of 
(he  source  of  (he  Ganges,  and  af(er  passing  through  Delhi  and 
A^a.  joins  the  Ganges  at  Allahabad  as  its  main  tribtttaiy.Tlie 
River  Jamuna  refemd  to  subaequenlly  in  the  BnhnuDalni 
system  in  Bangladesh  is  not  to  be  ooaflned  with  the  Rhrer 
/unuu  in  India. 


THE  GANGETIC  SUSU  AND  THE  INDUS  8USU 


nr..  I.  ^  The 
( iangcs-Brahnuiputra- 
Mciihn.i  River  sysjcm 
with  the  major 
tributaries.  Broken 

lines(  )  indicate 

elevation  up  to  200 
metres  and  the  dolled 
line-.  I      .  . )  elevation 
up  (u  Vii)  nicires  above 
vcjicvel  The  stippled 
areas  arc  mountains 
over  6  OOO  metres  hig)L 
The  luc  from  the 
ptaim  it  ahnipi  in  the 
north  and  the  east 


As  pointed  out  bv  Wallick.  Hardwick's  speci- 
men was  obtained  1  (KKJ  miles  above  Calcutta 
and  Cuvier  remarks  that  it  ascends  the  Ganges 
in  great  ntiinbefs  as  high  as  the  river  is  navig- 
able. Even  in  the  month  of  May,  when  the 
Ganges  is  very  low,  it  extends  up  to  the  Jumna 
as  far  as  Dellu  and  also  enters  for  a  short  way 
an  the  larger  affluents  of  the  main  stream.  In 
the  Brahmaputra  at  the  same  season  of  the 
year,  it  is  found  throughout  the  river  as  far 
northeast  as  in  such  rivers  as  the  Dihing, 
Dhansiii,  Dilcku  and  Disang**.  He  also  says 
that  it  has  never  been  sighted  out  at  sea.  Re- 
cently Kasuya  and  Haque  (1972)  recorded  its 
occurrence  as  far  up  as  Dioghat,  on  the  Na- 
rayani  River  of  Nepal.  This  is  in  the  upper 
section  of  the  Gandak  River,  which  is  one  of 
the  major  tributaries  of  the  Ganges  (Fig.  2).  At 
an  altitude  of 250  m  above  sea  level,  Dioghat  is 
about  100 1cm  beyond  the  farthest  limit  of  the 
distribution  in  the  river  recorded  by  Anderson. 
In  a  personal  communication.  Dr.  Aminul 
Ha^ue  of  the  Bangladesh  Agricultural  Uni- 
versity, Mymensin(^  has  informed  me  that  in 
the  Meghna  and  its  tributaries  he  has  seen  the 
SUSU  as  far  up  as  Sunamganj  in  Sylhet  district 
(Fig.  3).  According  to  him,  the  possibility  of  its 


occurrence  further  up  in  the  major  tributaries 
of  the  Meghna  cannot  be  ruled  out. 

The  distribution  pattern  shows  that  the 
animal  is  essentially  passive  and  non-gregar- 
ious, unlike  its  marine  relatives,  and  though  it 
can  move  against  currents  or  maintain  its  po- 
sition in  flooded  rivers,  it  cannot  negotiate 


8V30'£ 


Fig.  2.  -  The  Narayaaisectionof  the  Gandak  River  in  Nepal 
jusi  above  the  bufaaa  border  showing  Dioghat  250  metres 
alxwe  sea  level,  the  uppennost  limit  <a  dislribalion  of  the 
Gangetic  SUSU.  101 


Copyrighted  material 


S.  JONES 


rapids  and  gorges  or  ascend  steep  cascades. 
Its  temperature  tolerance  is  evidently  of  a 
very  wide  range  from  the  cold  waters  of  about 
KTC,  or  even  less  in  winter  at  the  foot  of  the 
Himalayas,  to  the  warm  waters  of  about  33"C 
in  the  tidal  areas. 

Outside  the  Ganga-Brahmaputra  Megh- 
na  river  system,  the  Karnaphuli  River  at 
Chittagong  was  included  by  Sclatter  ( 1891)  in 
the  distributional  range  of  the  Gangetic  susu, 
where  however  it  does  not  now  occur.  Re^ 
garding  the  presence  of  a  resident  population 
of  the  susu  in  the  Karnaphuli  River  at  present, 
Haquc  (1976)  states  as  follows:  "There  is  a  si- 
zeable population  of  susu  in  the  river  Karna- 
phuli below  the  Kaptai  dam.  Above  the  dara, 
however,  they  seem  to  have  disappeared  over 
the  short  span  of  6  or  7  years  starting  from  the 
tenth  year  after  the  construction  of  the  dam. 
Susu  is  also  reported  from  another  river, 
Sangu,  whose  mouth  is  hardly  10  km  from  the 
mouth  of  the  KarnaphuU".  This  is  veiy 
interesting  and  the  reason  for  the  disappear- 
ance of  the  animal  above  the  Kaptai  dam  re- 
quires elucidation.  Further,  the  specimens 
from  the  river  should  be  compared  with  those 
occurring  in  the  Ganga  River  system. 

The  Karnaphuli  River  opens  into  the 
Bay  of  Bengal  close  to  the  mouths  of  the  main 
estuarine  complex  of  the  Ganges  in  Bangla- 
desh through  which  the  combined  mass  of 
water  of  the  Ganges,  the  Brahmaputra  and  the 
Me^hna  flows  into  the  sea  (Figs  3  and  8). 
Owmg  to  tiie  great  quantity  of  firesh  water 
discharged  by  a  number  of  large  rivers,  near 
estuarine  conditions  prevail  in  the  entire  north- 
ern section  of  the  Bay  of  Bengal.  During  the 
periods  of  exceptk>na]ly  heavy  rains  and 
flocxls.  the  flood  waters  from  the  Gangetic  sys- 
tem should  be  pushing  out  the  salt  water 
aion^  the  coast  and  merging  with  the  water 
flowmg  from  the  Karnaphuli  River  making  it  a 
contiguous  freshwater  or  weakly  saline  area, 
and  facilitating  the  migration  of  the  susu. 

The  Ganges,  after  its  confluence  with  the 
last  of  its  major  tributaries,  the  Kosi  which  has 
its  origin  in  the  Nepal  section  of  the  Hima- 
layas, flows  into  West  Bengal  and  immediately 


below  Farakka  gives  off  its  first  major  distrib- 
utaiy  or  deltaic  branch,  the  Bhagirathi,  the 
lower  section  of  which  is  known  as  the 
Hooghly  on  which  is  the  city  of  Calcutta.  After 
the  Bhagirathi  branches  off.  the  Ganges  takes 
a  southeasterly  course  givmg  off  a  number  of 
distributaries  which  join  the  mainstream  of  the 
Brahmaputra,  known  as  the  Jamuna,  at  Goa- 
lundo  in  Bangladesh,  and  form  the  Padma 
River.  This  then  merges  with  the  Meghna  near 
Chandpur,  and  flows  into  the  Bay  of  Bengal 
through  a  scries  of  wide  estuaries  intersected 
by  several  islands  formed  by  the  deposition  of 
silt. 

The  Brahmaputra,  taking  its  origin  from 

the  Tibetan  side  of  the  Himalayan  Range, 
makes  its  way  through  a  series  of  gorges  and 
reaches  the  plains  of  India  in  Arunachal  Pra- 
desh, north  of  Saidya,  and  takes  first  a  westerly 
and  then  a  scnitherly  course  draining  some  of 
the  heaviest  rainfed  areas  of  the  world.  There 
is  no  major  diversion  of  water  from  this  river 
for  irrigation  and  other  purposes  and  hence 
there  is  no  significant  reduction  in  flow  com- 
pared with  ancient  times.  Changes  of  its  course 
are  common  in  the  plains:  one  major  change 
took  place  some  omturies  ago  when  the  main 
flow  between  Tistamukhghat  and  Bahadura- 
bad  took  a  southerly  coiu^e  forming  a  new 
river  called  the  Jamuna  to  meet  the  Ganges  at 
Goalnndc^at.  The  original  Brahmaputra 
flowing  via  Jamalpur  and  Mymensingh  to 
meet  the  Meghna  near  Chandpur  gradually 
became  a  ccnnpantively  small  nver  with  very 
much  reduced  fk>w  of  water  (Fig.  3). 


Incidental  catch  and  other  factors 

In  the  Ganges  and  its  tributaries  within 
India  the  susu  is  now  seen  only  in  stray  num- 
bers. While  die  rivers  are  in  flood  it  spreads 
itself  out  a  little  but  during  summer  it  falls 
back  to  the  deep  pools  which  unfortunately  arc 
subjected  to  heavy  fishing.  No  deUberate  fish- 
ing for  the  susu  is  done  and  as  far  as  possible 
the  fishermen  avoid  it  as  it  damages  the  net 
when  it  accidentally  gets  entangled.  The  nets 
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operated  are  the  large  drag  nets  and  seines  like 
the  "joha  jal"'  of  Bihar  or  the  "mahajar*  of 
Uttar  Pradesh  (Jones,  1959)  and  the  "ber  jal** 


'  "JohajaL  This  is  a  large  hempen  round  haul  net  of  5 
on  mesh,  90-1 200  m  kmg  and  3-4  m  broad  with  a  tag  aboal 
46  m  deep  and  about  3  m  wide  at  the  mouda.  It  is  opemted 
ftmn  Decemtar  to  AorO  in  Ibe  wide  and  deep  iiKtciMi  of  the 
fiver  wiih  ihe  help  or?  biMti,eadi7-8in  long,  by  about  3tM0 

men"  (Jones,  1959). 

*  "Maha  jiil.  Thi^  is  a  large  dragnet  operated  with  the 
help  of  boats  in  the  Ganges.  The  total  length  of  the  net  varies 
from  450  to  650  m  and  is  composed  of  pieces  measuring  14 
m  X  4Jlo6in,lbeinesbofwliicfawiUbe2.Sto6an.Eoiply 
tim  and  dried  pitmpkins  are  used  as  floati  and  baked  day 
sinkers  are  attached  to  the  bottom.  30-40  fishennen  arc  re- 
quired for  the  operation  ofthe  net.  The  net  is  employed  all  the 
yearioond  except  wlmtiie  river  ii  in  flood"  (Jooci,  i9S9X 


and  "gai  ber  jar"of  West  Bengal  (Jones,  1959), 
which  have  their  modified  versions  in  Bangla- 
desh. Drowning  of  snsu  from  accidental  en- 
tanglement in  these  nets  is  not  imcommon. 
This  brings  about  a  steady  depletion  in  its  pop- 
ulation, increasing  with  the  advent  of  syn- 
thetic fibres  for  nets.  The  passive  and  defence- 
less  nature  of  the  animal,  its  low  rate  of  re- 
production and  public  apathy  toward  its  con- 
servation, contribute  to  the  present  trend  of 
gradual  reduction  in  its  population.  Construc- 
tion of  dams  on  some  or  the  major  tributaries 
of  the  Ganges  and  diversion  of  water  for  irri- 
gation purposes  resulting  in  a  reduced  How, 
together  with  the  steadily  increasing  discharge 
of  industrial  effluents,  have  on  the  whole  ag- 
gravated the  situation  by  producing  adverse 
environmental  conditions.  The  position  would 
be  worse  were  it  not  for  the  foct  that  the  stodcs 
of  SUSU  in  these  areas  are  steadily  replenished 
by  individuals  that  move  up  from  the  extensive 
deltaic  areas  of  the  river  system  in  West  Bengal 
and  Ban^adesh. 

The  net  operated  in  the  nvers  of  Bang- 
ladesh in  which  the  susu  gets  accidentally 
caught  is  the  "jagatberjal"  (Jones,  1959).'  This 


'  "Gai  ber  jal.  This  is  a  very  long  rectangular  seine  net 
measuring  300  or  more  m  with  puckennus  m  the  lower  por- 
tion. The  simpler  type  of  .seine  net  without  puckerings  is 
Imown  as  her  jal.  The  net  may  be  made  of  cither  cotton  or 
hemp  and  the  mesh  varies  from  1  to  S  cm  of  5-ply  or  S  or  10 
ooums  lo  20-ply  of  10  oounis.  The  head  rope  and  ine  foot  lope 
are  of  the  same  size,  very  stoat  and  the  depth  of  die  net  ranges 
fiom  3  to  9  m.  Bamboo  or  woixJen  floats  are  attached  to  the 
head  rope.  The  net  is  cither  shot  in  the  middle  of  the  river  by 
an  unLiiclm;'  iiuivcmotit  of  two  boats  and  then  hauled  up  into 
the  boat  after  bringing  the  two  ends  ofthe  (ixit  rope  together 
or  one  end  is  left  on  shore  and  the  other  end  is  brought  round 
enclosing  a  veiy  large  body  of  water  after  which  the  net  is 
hauled  in.  When  pieces  of  bamboo  are  tied  aaon  the  net  to 
facilitate  the  hau!mgoperatioo,itisluiiOwnaaiaNater/ii/L  Ber 
jalis  generally  operated  (rom  October-November  to  May.  ...* 
(Jones.  1959): 

*  "In  the  large  rivers  like  the  Padma  and  the  Meghna 
ver\  long  ber  Jals  known  as  Jagat  ber  jal.  meaning  universe 
enclosing  net,  over  1  600  m  in  length,  are  used.  The  operation 
lasts  for  several  days  and  a  large  variety  of  fish  is  caught 
Though  the /mar  ber  ialu  not  used  nrimaiily  for  hilsa,  it  also 
fonns  one  ortbe  eatcnes"  (Jones.  19$9).  The  fishing  operation 
is,  in  jMinciple,  in  the  manner  of  a  fish  drive  similar  to  the  dtie 
described  in  deuil  for  catching  hilsa  in  the  Mahanadi  and  in 
theC8nveiy(Joiiea.  lftS9, 19SAi). 
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is  only  a  larger  version  of  the  "berjal"  used  in 
the  riveis  of  West  Bengal,  referred  to  above. 
This  is  also  known  as  the  "barajal"  or  "bada- 
jal"  or  "mahajal"  meaning  big  net  and  "jo- 
gatber"  and  "gogar".  The  operation  of  **jagat- 
berjal**  tnvolvts  a  large  number  of  men  and 
boats  and  is  carried  out  only  during  the  diy 
months  when  the  level  of  water  is  low  in  the 
fivers.  The  lower  point  of  the  section  to  be 
fished  is  first  fenced  across  by  a  long  net  sup- 
ported on  stakes  to  prevent  the  escape  of  any 
fish  and  another  large  net  extending  from 
shore  to  shore  and  surface  to  bottom  is  drag- 
ged from  a  few  km  upstream  gradually  reducing 
the  gap  between  the  2  nets.  Any  aquatic  ani- 
mal that  cannot  escape  through  the  5  cm  mesh 
of  the  net  within  the  area  fished  will  automa- 
tically get  caught.  The  susu  is  invariably  al- 
lowed  to  ^cape  so  as  to  prevent  it  fnmi  dam- 
aging the  net.  In  case  any  dolphin  is  acci- 
dentally drowned  it  is  thrown  away  to  rot  on 
the  shore  and  is  fed  upon  by  vuhurcs, 
mongrels  and  other  carrion  eaters.  Kasuya  and 
Haque  (1972)  refer  to  the  capture  of  3  speci- 
mens of  susu  from  a  5  km  stretch  of  the  Brah- 
maputra near  Jamalpur  in  die  course  of  a 
*^agatberjal**  operation  in  January  1970. 


The  Hooghly  as  a  typical  HABrrAT 

OF  THE  susu 

My  observations  on  the  Gangetic  susu 
are  mainly  confined  to  the  Hooghly  from  Pulta 

about  30  km  to  the  north  of  Calcutta,  to  Dia- 
mond Harbour  about  60  km  to  the  south. 
Calcutta  IS  situated  about  200  km  up  from  the 
sea  and  the  tidal  influences  are  felt  still  beyond 
as  far  as  Purbastali  about  130  km  farther  to  the 
north.  The  upper  section  of  the  Hooghly  above 
Nabadwip,  known  as  the  Bhagirathi,  formed 
the  main  Ganges  or  Aadi-Ganga  until  the  16th 
centuPr'  when,  due  to  some  natural  cause, 
probably  owing  to  heavy  floods,  it  scoured  its 
way  in  an  easterly  direction  along  one  of  iis 
spill  channels,  the  Padma,  and  got  linked  up 
with  the  Jamuna  section  of  the  Brahmaputra 
m  Bangladesh  and  with  the  Meghna  further 


beyond  to  flow  into  the  Bay  of  Bengal  Heavy 
silting  prevents  natural  flow  of  water  from  the 
Ganges  to  the  Bhagirathi  during  the  dry  sea- 
son from  February-March  to  May-June,  as  a 
result  of  which  the  Hooghly  remains  a  vast 
tidal  inlet  gradually  increasing  in  salinity  as 
die  summer  months  advance. 

So  far  as  I  know,  very  Httle  study  has 
been  made  of  any  sector  of  the  river  system  as 
the  habitat  of  the  susu,  and  I  have  therefore 
extracted  some  relevant  information  from 
hydrobiological  and  fisheries  work  bv  mv  for- 
mer colleagues,  David  (1954)  and  Bose  (1936). 
I  waa  doae^  associated  with  then-  work  when  I 
was  canying  out  fisheries  investigations  there 
from  1947  to  1954.  The  tidal  section  of  the 
Hooghly  from  Purbastali  immediately  north  of 
Nabadwip  and  the  various  centres  referred  to 
are  given  in  Rg.  4.  Table  1  gives  some  depth 
and  breadth  measurements  for  the  Hoognly 
estuaiy. 

Calcutta  is  barely  6  m  above  sea  level 

and  the  fall  of  die  river  from  there  to  the  sea  is 
only  1.5-3  cm  per  km.  Tidal  influence  is 
marked  and  there  is  no  well  defined  tongue  of 
saline  water  at  the  bottom.  The  flood  tides  into 
the  Hooghty  firom  the  sea  in  summer  and 
post-monsoon  months  are  very  much  greater 
in  volume  and  longer  in  duration  than  in  the 
monsoon  months.  The  flood  tide  influx  at 
Calcutta  varies  from  4  to  6  h  in  the  dry  season 
as  against  2.5  to  4  h  in  the  monsoon  months. 
Duration  of  the  ebb  ude  vanes  from  6.5  to  8.5 
h  in  die  dry  months  to  7-1 1.5  h  in  the  monsoon 
months.  The  flood  tide  velocities  which  vary 
from  2  to  6  knots  during  the  dr>  season  drop  to 
a  little  less  than  1  knot  during  the  monsoon, 
wlule  the  ebb  tide  velocities  wmch  vary  from  2 
to  3  knots  in  summer  increase  to  4  knots  during 
monsoon.  During  monsoon  months,  flood  tide 
influx  is  300  mVsec  as  against  the  freshwater 
discharge  of  5  000  mVsec  while  during  the  dry 
months  the  spring  tide  influx  is  1 1  000  mVsec 
as  against  an  ebb  flow  of  2  750  mVsec.  More 
and  more  chumed-up  water  is  pushed  up  and 
retained  in  the  tidal  area  in  .summer  resulting 
in  the  deposition  of  an  increasing  quantity  of 
silt  in  the  river.  The  turbidity  which  may  be  as 
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Table  I.    The- approximate  breadth  iMtitptbatl 
of  the  Hooghly  estuary 


Location 

Breadth 
(km) 

Maximum 
tiepili  ;ii  H  I 

dunn^ 
monsoon  (m) 

Minimum 
depth  ai  I.T 

during 
winter  (m) 

Kulpi 

4.6 

17.0 

10.S 

DiamoniJ 

Harbour 

4.65 

28.0 

21.0 

Falta 

12 

21.0 

14.0 

Uluberk 

a75 

22jO 

15j0 

Calcutta 

(Kidderpore) 

a7s 

16j0 

9.0 

Barrackpore 

054 

l&O 

I2j0 

high  as  2  500  ppm  during  monsoon  months 
comes  down  to  as  low  as  25  ppm  during  winter 
rnoofhs.  A  graph  diowtng  seasonal  variatkms 
in  a  number  of  physical  and  chemical 
parameters  in  the  Hooghly  at  Calcutta  (Kid- 
derpore), as  given  by  Bose  (1956),  is  repro- 
duced in  Fig.  S. 

The  Barrackpore-Pulta  area  could  be 
considered  as  the  most  upstream  area  coming 
under  saline  influence,  though  incursion  of 
saline  waters  beyond  this  point  does  occasion- 
ally occur  during  the  month  of  April.  The 
water  for  the  city  of  Calcutta  is  drawn  from 
here  and  filtered  and  purified.  The  salinity 
readings  here  for  a  year  are  given  below: 


Januaiy-February 
Mardi 

April 
May 
June 

July^December 


ppm 
8-12 
10^120 
10-208 
26-180 
18-48 
4-8 


In  the  Calcutta  area  of  the  Hooghly  the 
susu  is  rarely  seen  during  summer  while  it  is 
common  from  October  to  Mardi.  From  June 
to  October,  when  freshwater  conditions  pre- 
vail in  the  lower  reaches  of  the  estuar\  .  the 
susu  frequents  the  areas  beyond  Diamond 
Harbour  as  far  as  Kakdwip  and  Sagar  Island. 
The  Hooghly  is  highly  polluted,  heavily  silt- 
laden  and  congested  with  river  traffic.  Calcut- 
ta and  the  city  of  Howrah  on  the  opposite  bank 
of  the  Hooghly  have  a  combined  population  <^ 
about  8  million  people  and  along  either  side  of 
the  river  for  a  distance  of  over  100  km  there  are 
chains  of  satellite  towns  radiating  in  all  direc- 
tions, which  together  comprise  the  Inggest 
industrial  complex  in  the  countrw  Despite  of- 
ficial restrictidns  and  controls,  a  large  quantity 
ofsewage  and  over  25U  million  litres  of  factory 
effluents  find  their  way  daily  into  the  river, 
making  it  one  of  the  most  highly  polluted  wa- 
terways in  the  world.  It  is  interesting  that  the 
susu  is  capable  of  surviving  there,  which  shows 
its  hardiness.  Casualities  caused  by  injury 
from  propellers  of  steamcn  and  mechanised 
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Flo.  5.  -  Graph 
showing  the  seawnal 

changes  in  the 
phvMcv-chcm  ical 
condition  of  the 
Hooghly  River  at 
Kidderpore  in  Calcutta 
(after  BoGc  1956). 
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boats  are  practically  unknown  and  despite  its 
blindness,  the  dolphin  appears  to  be  capable 
oi  dodging  obstacles  and  moving  objects.  In 
the  tidal  section  of  the  Gangetic  delta  in  gen- 
eral the  behaviour  pattern  of  the  susu  should 
be  more  or  less  the  same.  1  have  seen  it  in  the 
Matla  and  beyond  Port  Canning  in  Gosaba 
and  in  the  Sunderfoans  and  as  far  as  the  Rai- 
mangal  River  toward  the  cast,  bordering  the 
Khuina  district  of  Bangladesh,  but  not  in  the 
Kulti  section  of  the  Bidbyadhari  Spill  area 
where  the  sewage  from  the  city  of  Calcutta  is 
discharged. 


Status  and  population  estimation 

In  the  Ganges  below  Farakka  and  in  the 
entire  Brahmaputra-Meghna  complex  ci  liv- 
ers in  India  and  Bangladesh,  there  are  no 
signs  of  depletion  in  susu  population,  unlike 
the  sitnation  in  the  Ganges  and  its  tributaries 
above  Farakka.  Aooormng  to  Dr.  Aminul 
Haque  (personal  communication)  who  made 
fairly  extensive  field  studies  on  the  distribution 
and  abundance  of  the  do^hin  in  Bangladesh, 
it  is  even  believed  that  thepopiilation  of  the 
susu  is  on  the  increase.  Tne  same  perhaps 
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could  be  said  of  it  in  the  Brahmaputra  and  its 
major  tributaries  within  India.  The  deltaic  sys- 
tem of  the  Ganges  is  the  biggest  of  its  kind  in 
the  world,  covering  an  area  of  about  20000 
knr.  the  greater  part  of  which  lies  within 
Bangladesh,  it  forms  a  perennial  and  extensive 
netwoilc  of  wide  and  deep  rivers  and  creeks. 
The  entire  delta  receives  from  the  Ganges  and 
Brahmaputra  about  1  200  thousand  million  m' 
of  water  between  the  Meghna  and  Barak  and 
the  Surma  in  the  east,  and  the  Damodar  and 
the  Roopnarayan  in  the  west.  In  Bangladesh, 
as  in  India  and  Nepal,  there  is  no  deliberate 
attempt  to  catch  susu,  and  mortality  is  conlln- 
cd  to  the  few  that  are  drowned  by  accidental 
entanglement  in  fishing  nets.  Fortunately,  un- 
like the  Indus  susu  which  is  deliberatclv  hunt- 
ed down  despite  its  diminishme  numbers  and 
the  legal  protection  it  enjoys,  no  medicinal  or 
aphrodisiac  properties  are  attributed  to  the 
meat  or  oil  of  the  Gangetic  susu. 

The  only  reliable  information  we  have 
on  the  population  of  the  susu  is  confined  to  the 


observations  in  the  rivers  of  Bangladesh  of 
Kasuya  and  Haque  (1972),  whose  table  is  re- 
produced below  (Table  2).  The  Gang^-Brah- 
maputra-Meghna  river  system  in  Bangladesh 
with  its  deep  rivers,  extensive  network  of  dis- 
tributaries and  wide  tidal  inlets  is  a  real  haven 
for  the  Gangetic  susu  where  it  is  continuing  to 
hold  its  own  unlike  its  congener  in  the  Indus. 

The  total  number  of  individuals  siuhted 
from  ships  and  the  estimated  number  per  100 
nautical  miles  ( =  186  km)  is  given  in  Table  3. 

Table  3  shows  that  the  susu  population  is 
more  dense  in  the  Meghna,  in  the  Padma  and 
in  the  lower  Jamuna,  whereas  it  is  compara- 
tively low  in  the  estuary  and  the  upper  section 
of  the  Jamuna  above  Sirajganjgnat.  On  the 
above  basis,  it  is  presumed  that  the  popula- 
tion should  be  comparatively  low  in  the  main 
Brahmaputra  above  Tistamukhghat  flowing 
through  the  States  of  Assam  and  Arunachal 
Pradesh  in  India. 

The  susu  is  a  non-gregarious  animal  and 
it  is  only  very  rarely  that  2  or  more  are  sighted 
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1972)' 


erilMilMHfty«rilic 


MfUm  i^hted  at  dwatatiiM  «r  m  tke  aMp  (after  Kaaaya  ani 


Month 


October 


November 


December 


Janaaiy 


Decade 


XX 

X 

X 

1 

0 

0 

0 

0.1 

xx 

x\ 

0 

0 

0 

0 

0 

XX 

XX 

XX 

0 

0 

0,1-2 

0 

XX 

0 

X 

0.1-2 

0 

0.1 

0 

XX 

X 

X 

1 

0 

0.1 

0 

0 

0 

XX 

1 

0 

0 

0 

0 

XX 

XX 

XX 

0 

0 

0 

0 

XX 

XX 

1-2 

0 

0 

UrahnKipiilra 
Kha^d.ituir 
(ii)Vindapur 
Shambhuganj 
Kcwalkhali 
Sutiakbali 
Phulpw 
Bhabakhati 
Kalir  Bazar 

Mctihna 

Bhairah  Ha/ar  XXX  XXX  XXX 

Saiularghal,  Dacca  xxx  0 

Oiandpot^Daoca  xxx 

Jamuna 

Tisumukhghal- 

Goaiundoghat  XXX  XXX 


Thedcmily  was  cakuUicJ  nn  the  basis  >>l  sounts  ol  lhe  frequcncj  of  surl-ianc  mJiviiJu  iK  kuI  pljutl  -.inikr  4  ,  .ittgoncs  "mans",  "vrveral".  "few"  jind  "none 
•  wImi*  die  MinlKf  WM  kntmo.  u  wa*  rccofdcd.  TIk  obtenalionsiiiow  thai  Uiere  WW  a  reduc 
after  November,  wk«rcM  in  die  M^m  aad  ike  Jamwia  liiey  w«rc  fo«ad  io  appvadaUc  nwnben  ia 


la  eati*  wkm  Ibe  aunbcr  wai  known,  it  wa*  rccoidcd.  The  obaervalioiisitiow  that  Uiere  was  a  reducOon  in  ibc  popiUalioa  in  Ihc  Bfahmapulra  in  Ihe  Mymouiafh  area  mgvt 

*ei^mnaa>waUw«ndiyienn.  Ill/ 
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T4bte  3b  Gcc|npl 

iori  VHtalim   llw  teBMy  «r  Gmin  di^hi  1 

Dislance  from 
cMuaiy* 

Locali^ 

Number  of 
nghtiiigi 

Number  of 
individuaU/ 
lOOmitef' 

Mootb 

0^  30 
30-  60 

«K90 
90-120 
120-lSO 
150-180 

180-210 
130  < 

lower  Sundarbans 

up  to  Khulna  (upper  SundartMns) 

up  to  Chandpur  (lower  Mcgbiia) 

up  lo  Dacca 

up  ID  Goalundoghat 

up  to  Sinjgiiuiighat 

up  111  Tisiamukhehat 

Mc^hna,  upper  stream  ul  Bhairab  Baiar 

29 
32 
34 

95 
15 
37 
37 

4 
540 

29 
67 
3S 
191 
182 
57 
69 
16 
229 

J«nuar\  (1970) 
April  and  May 

at  a  time.  The  otMervatkms  of  Kasuya  and 
Haque  in  this  regard  are  given  in  Table  4. 

From  Table  4  it  is  seen  that  90  %  of  the 
sightings  and  80.4%  of  the  total  number 
counted  consisted  of  single  individuals.  For 
purposes  of  record  and  estimation  a  single 
individual  or  more  found  in  one  area  was 
considered  to  be  a  school.  The  frequency  dis- 
tribution of  the  susu  in  the  rivers  as  given  by 
them  is  reproduced  in  Figs.  6  and  7. 

It  has  been  reported  by  Kasuya  and 
Haque  (1972)  that  the  susu  frequents  narrow 
sections  of  rivers,  confluences  or  sections 
downstream  of  shallow  areas  and  it  is  pre> 


sumed  that  this  may  be  due  to  the  availabilitv 
of  food  in  such  places. 

To  estimate  the  overall  total  population 
of  the  Oangetic  susu  in  the  entire  suboontinen  t 
we  have  to  divide  the  complex  system  of  rivers 
arbitrarily  into  4  zones.  Of  these  the  first  and 
the  most  important  is  what  we  may  call  the 
Oangetic  deltaic  ixme,  consisting  of  the  Gan 
ges  below  Farakka  Barrage,  the  Brahmaputra 
hclow  Tistamukhghat  and  the  Meghna  below 
Bairab  Buzur.  I  his  includes  the  entire  Gangc- 
tic  ^rstem  in  West  Bengal  (India)  and  Bangia 
desh.  the  Jamuna,  the  old  Brahmaputra  and 
the  lower  part  of  the  Meghna  as  far  as  Bairab 


Tabli"  4.    S<'hnol  si/i-  of 

Ihc  {;ant;i's 

dolphin  (after  Kasuya  and 

llaqiic. 

No.  oT  individuals  in  a  sdiool 

Month 

1 

2 

3 

4 

Total 

No.  of 
schools 

% 

No.  of 
schools 

% 

No.  of 

% 

Naof 
schools 

% 

No.  of 
schools 

% 

Tistamukhehat  lo 
GoahiDOogliat 

Jaouaiy 

73 

90lI 

5 

6l2 

2 

15 

1 

1.2 

81 

100.0 

Lower  Meghna  and 
Sundarbans 

Januaiy 

189 

85.9 

28 

117 

3 

1.4 

0 

0.0 

220 

100.0 

Upper  M^na 

April-May 

550 

91.5 

39 

7.0 

7 

IJ 

1 

0.2 

557 

100.0 

Total  No.  of  scboob 

T72 

90.0 

72 

8.4 

12 

M 

2 

0.2 

858 

10D.O 

Total  No.  of  individuals 

T72 

80^ 

144 

15.0 

36 

3.8 

8 

0l8 

960 

100.0 
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Distance  in  nautical  miles 

Plo.6.  -  FRquenc>'dislribitlionorfte length oflheoounewhcre 

the  Ganges  dolphin  was  sighted  at  interv  als  of  less  than  '  i  nautical 
mile.  Ooscd  circle  and  continuous  line  indicate  the  Jamuna 
River,  and  op<.'n  circle  and  dotted  line,  the  lower  Me^BUi  and 
Suodarbans  (after  Kasuya  and  Haque,  1972). 


Bazar  in  Bangladesh.  The  Narayanganj-Dacca 
area  will  come  under  this  zone.  The  second 
zone  may  be  called  the  Gangetic  River  zone, 
comprising  the  river  and  its  tributaries,  almost 
all  of  which  come  within  India  except  some 
very  short  stretches  that  lie  in  Nepal.  The  third 
may  be  called  ihc  iirahmaputra  River  zone 
comprising  the  river  and  its  tributaries  above 
Tistamukfa^at,  most  of  which  fall  within 
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» 
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Distancs  in  r^autical  miles 

Fig.  7.  -  t-rcqucnc\  disinbuuon  ol  ihc  length  ol  the  course  where 
the  Cianges  dolphin  was  not  sighted  Where  the  dolphin  was 
sighted  at  intervals  of  less  than  '  3  mile,  it  is  dealt  as  continuous. 
Closed  circle  and  oontinuoas  line  indicate  the  Jamuna  River,  and 
open  circle  and  doited  line,  Ibc  lower  Meghna  and  Sundaibans 
(after  Kasuyt  and  Haipie.  1972X 


India  except  a  short  stretch  as  far  as  Dubri, 
which  hes  in  Bangladesh.  The  fourth  zone  may 
be  caned  the  Meghna  River  zone  comprising 
the  upper  section  of  the  river  above  Bairab 
Bazar  This  zone,  though  a  small  one,  is  im- 
portant from  the  population  point  of  view  of 
the  SUSU  and  forms  an  adjunct  to  the  first  zone 
with  which  it  could  even  be  conveniently 
included  if  so  desired. 

The  Gangetic  deltaic  zone  is  of  vital  im- 
portance for  the  survival  of  the  species.  It  may 
be  said  that  fortunately  the  natural  features  of 
the  habitat,  especially  its  vastness  and  com- 
plexity, combined  with  the  dislike  or  lack  of 
mterest  of  the  people  for  the  meat  of  susu, 
have  helped  to  give  the  animal  an  advantage. 
Between  the  Hooghly  in  the  west  and  the 
Sandwip  Channel  in  the  east  bordering 
Noakhah,  the  Ganges  and  associated  nvers 
open  into  the  Bay  of  Bengal  through  several 
estuaries,  each  with  a  separate  name.  Through 
these  estuaries  the  combined  volume  of  over 
1  200  thousand  million  m^  of  water  is  dis- 
charged annually  into  the  Bay  of  Bengal.  The 
entire  network  above  the  region  of  saline 
influence  provides  several  thousand  nautical 
miles  of  river  where  the  susu  hves  in  compar- 
ative safety.  On  a  rough,  and  conservative, 
estimate,  between  3  000  and  3  500  susu  might 
be  found  there.  In  the  entire  Ganges  River 
zone  between  500  and  750  individuals  might 
exist,  while  in  the  Brahmaputra  River  zone  the 
number  could  be  about  500,  and  in  the  Megh- 
na River  zone  above  Bairab  Bazar  about  750. 
In  ail,  the  existing  susu  population  could  be 
estimated  at  between  4  000  and  5  000,  a  veiy 
satisfactory  position  when  compared  to  the 
few  hundreds  of  Platanisla  minor  surviving  in 
the  Indus  River  (Mitchell,  1974;  Kasuya  and 
Nishiwaki,  1975).  It  may  be  sakl  with  confi- 
dence that  under  «dsting  conditions  it  is  not  in 
immediate  danger  of  extermination.  Accord- 
ing to  the  information  furnished  by  Dr.  Ami- 
nul  Haque  of  the  Bangladesh  A^cultunl 
University,  the  population  of  SUSU  m  Bangla- 
desh  is  on  the  increa.se. 

There  is,  however,  no  room  for  compla- 
cency. Man's  encroachment  on  nature's  do* 
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main  is  multifacctcd.  The  CJanges  valley  is 
perhaps  the  most  thickly  populated  area  in  the 
world.  The  Ganges-Brahmaputra  system 
drains  about  1  700  000  km'  of  land  in  which 
live  about  300  million  people,  nearly  a  tenth  of 
the  world  s  population.  There  is  no  need  to 
dabonUe  on  the  direct  and  indirect  efTect  of 
this  vast  mass  of  humanity  on  the  river  system. 
Increasing  quantities  of  water  are  diverted  for 
irrigation,  drinkiiig  and  even  for  navigation. 
The  cumulative  effect  of  pollution  fimn  facto- 
ry effluents,  other  industrial  wastes  and  dty 
sewage  is  tremendous,  though  so  far  the  susu 
has  been  found  to  withstand  the  adverse  con- 
ditions successftiUy.  Apart  fimn  a  series  of 
hydroelectric  projects  in  the  Himalayan  sector, 
2  major  dams  for  irrigation  purposes  have  al- 
ready come  up,  the  Gandhisagar  in  the 
C3iambal  and  die  Rihand  in  the  Sone,  and  the 
main  Ganges  itself  has  been  bisected  by  a 
barrage  at  Farakka  for  diversion  of  water  to 
the  Bhagirathi  and  its  tidal  section  below, 
known  as  the  Hooghly. 


The  Farakka  Barrage 
and  the  susu 

In  West  Bengal  the  Ganges  gives  otT  iLs 
first  deltaic  distributary,  the  Bhagirathi,  which 
as  stated  earlier  is  heavily  silted  up,  as  it  re- 
ceives no  flow  from  the  Ganges  during  drv 
months.  The  purpose  of  the  barrage,  which 
was  commissioned  in  May  1975,  is  to  circum- 
vent this  situation  by  diverting  water  from  the 
Farakka  Barrage  through  a  38-km  feeder 
channel  with  bed  width  of  15 1  m  and  depth  of 
6.1  m  at  full  supply,  linking  the  Bhagirathi  at 
Jangipur  (Fig.  8).  The  dry  weather  flow  in  the 
Ganges  from  March  to  May  is  1  250  to  1  500 
mVsec.  If  1  000  mVsec  axe  diverted  from  this 
as  contemplated,  the  flow  in  the  Ganges 
(Padma)  until  it  meets  the  Jamuna  (Brahma- 
putra) will  be  reduced  to  one  third  to  one  fifth 
of  its  former  level.  For  this  reason,  a  canal 
from  Dubri  to  Farakka,  linking  the  Brahma- 
putra with  the  Ganges,  has  been  suggested  but 
1 10    the  likelihood  of  this  happening  seems  to  be 


rather  remote  We  have,  therefore,  to  consider 
the  present  situation.  I  he  population  of  the 
susu  above  Farakka  is  bound  to  get  isolated 
from  that  of  the  deltaic  zone  in  summer  and  it 
remains  to  be  seen  if  any  upward  movement 
will  take  place  even  dunng  heavy  tlood. '  The 
stodks  of  susu  in  the  Hooghly  and  the  adjacent 
sector  of  the  Gangetic  Delta  might  derive 
some  benefit  from  the  influx  of  water  through 
the  feeder  canal  during  summer  months,  if  any 
upward  or  downward  movements  of  individ- 
uals occur,  they  are  likely  to  be  uninhibited, 
with  no  risk  of  being  caught  in  fishing  nets  as 
would  happen  in  a  normal  section  of  the  river. 

If  the  conditions  created  by  the  Farakka 
Barrage  turn  out  to  be  similar  to  those  brought 
about  by  the  barrages  in  the  Indus,  the  latter 
should  serve  as  a  lesson  to  us.  It  may  be  argued 
that  since  the  Farakka  Barrage  is  not  for  irri- 
gation purposes,  it  is  not  as  high  as  ilir  ^c  in  the 
Indus  and  diversion  of  water  will  also  be  con- 
fined to  the  summer  months.  All  the  same,  it  is 
essential  Hhai  the  population  of  the  susu  above 
the  barrage  should  be  carefully  watched  and 
studied  by  the  establishment  of  an  observation 
centre. 


General  suggestions 

Apart  from  studies  of  general  biology  a 

population  estimate  is  necessary.  In  this  con- 
nexion, the  pioneering  work  done  by  the  Ce- 
tacean Research  Expedition  of  Tokyo  Uni- 
versity and  Bangladesh  Agricultural  Univer- 
sity (Kasuva.  1972;  Kasuya  and  Haque.  1972) 
deserves  special  mention.  It  is  desirable  that 
the  entire  area  of  distribution  of  the  Gangetic 
susu  be  covered  in  this  manner.  The  fact  that 
the  animal  has  to  surface  for  breathing  makes 
counting  easier.  At  present  we  have  very  Uttle 


^  From  tbe  informaiioo  available,  it  a(^)eais  thai  ihc 
Farakka  Banage  does  not  consiiiute  a  pennanait  iMfrier  for 
tlie  movemenis  of  the  susu  in  the  river. 
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Fig.  8.  -  The  G angelic 
delta  showing  the  feeder 
canal  from  Farakka  on 
Ihe  Ganges  to  Jangipur 
on  the  Bhagimthi  and 
Ihe  proposed 
Ganges-Brahmaputra 
link  canal.  Only  the 
major  rivers  are  shown. 
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idea  of  its  migratory  movements.  It  is  known  to 
spread  out  during  certain  seasons  and  retreat 
to  some  limited  sections  of  the  rivers  at  other 
times.  The  movements  of  the  susu  should  be 
studied  in  a  systematic  manner.  For  this,  and 
for  population  studies,  marking  experiments 
should  be  useful. 

Two  major  dams  have  been  constructed 
on  2  of  the  tributaries  of  the  Ganges,  the 
Gandhisagar  in  the  Chambal  and  Riband  in 
the  Sone,  both  of  which  originate  in  the  Vin- 
dhya  Mountains,  facing  the  southern  side  of  the 
Gangetic  plain.  It  would  be  interesting  to  carry 
out  some  transplantation  and  repopulation 
experiments  with  the  susu  (Jones,  1974).  It  is 
not  known  to  be  present  in  these  reservoirs, 
and  some  specimens  from  the  Jumna  and  the 
Ganges  could  be  introduced  and  their  progress 


observed.  The  Chambal  held  more  water  in 
former  days  when  the  Aravalli  Range  and  the 
Malwa  Plateau  were  not  denuded  of  vegeta- 
tion and  the  demand  for  irrigation  water  was 
not  as  high  as  at  present.  The  repopulation  of 
the  susu  in  the  Chambal,  ba.sed  on  the  Gan- 
dhisagar would  therefore  be  of  interest.  The 
same  could  be  done  with  the  Sone  above  the 
Riband  Dam.  At  the  same  time,  transplanta- 
tion of  the  susu  into  one  or  two  of  the  neigh- 
bouring river  .systems  having  perennial  flow  of 
water  could  also  be  considered.  For  this  pur- 
pose, the  Damodar  Valley,  which  is  an  adjunct 
of  the  Gangetic  basin,  and  the  Mahanadi  in 
Orissa  above  the  Hirakud  Dam  could  be  con- 
sidered. The  introduction  of  susu  should  not 
upset  the  ecology  of  these  waters.  The  animal 
would  not  destroy  the  populations  of  major 
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carps*  as  it  is  blind  and  its  food  consists  mainly 
of  catfish,  prawns  and  other  bottom-living 
animab.  In  view  of  its  slow  rate  of  rqmidiic- 
tion,  no  suddoi  or  alanning  increase  wfll 
occur.  If  ever  its  control  or  extermination  from 
these  isolated  bodies  of  water  were  necessary, 
it  should  not  be  difficult  as  its  habit  of  coming 
up  to  the  surface  for  breathing  will  make  it  an 
easy  target  for  destruction. 

We  need  not  wait  for  a  critical  situation 
to  develop,  as  has  happened  with  the  Indus 
susu,  before  we  contemplate  action  for  the 
conservation  and  protection  of  the  Ganges 
susu.  Its  habitat  in  the  Gan^es-Brahma- 
putra-Meghna  system  comes  withm  one  of  the 
most  densely  populated  and  food-poor  areas 
of  the  world.  Fortunately,  it  is  not  sought  after 
for  food  or  medicine  to  any  noticeable  extent. 
However,  anything  can  happen  under  heav^ 
population  pressure  and  the  desperate  condi- 
tions brought  about  bv  unexpected  natural 
calamities  or  manmade  disasters.  There  is  no 
guarantee  that  the  Gangetic  susu  will  be  left  in 
peace.  It  is,  therefore,  desirable  that  we  take 
steps  sufficiently  in  advance  for  the  establish- 
ment of  sanctuaries  in  suitable  areas  to  facili- 
tate its  management  and  protection. 

It  is  dear  from  the  above  that  the  Gan- 
getic susu  deserves  more  attention  than  it  has 
received  hitherto.  After  the  monumental  work 
of  Anderscm  (1878)  about  a  centuiy  ago  hardly 
anything  has  been  done  on  Platamsta  tiU 
interest  was  revived  a  few  years  ago  on  the 
initiative  of  the  CaUfomia  Academy  of  Sci- 
ences, San  Francisco  (Herald,  1969,  1969a),  the 
Brain  Anatomy  Institute  of  the  University  of 
Berne  (Pilleri,  1970)  and  the  Ocean  Research 
Institute  of  the  University  of  Tokyo  (Kasuya, 
1972).  It  is  a  matter  of  great  satisfaction  that 
interest  in  research  and  conservation  of  the 
susu  is  being  shown  at  international  level. 
Given  its  distribution,  the  necessary  investiga- 
tions are  an  international  problem.  The  coun- 
tries most  concerned  are  India  and  Bangladesh 
and  cooperative  investigations  are  called  for 


•  ''Majarcu|M"KiimtoeertamspectetofInidimcafp. 


by  them.  It  is  hoped  that  FAO  and  lUCN  will 
give  the  necessary  lead  in  this  matter. 


CMimwiia  on  the  Indus  susu 


About  a  century  ago  the  Indus  dolphin, 
Pkuanista  minor  Owen,  was  distributed  in  the 
Indus  and  in  all  its  tributaries  from  the  tidal 
zone  to  the  foot  of  the  Himalayas.  In  the  main 
river  it  was  found  in  a  1  300  km  stretch  from 
the  deltaic  area  in  the  south  to  Attock  in  the 
north,  at  about  600  m  above  sea  leveL  The 
3  000  km  long  river  has  a  total  drainage  area  of 
1.2  miUion  km^  and  a  combined  annual  flow  of 
about  210  thousand  miUion  m^  of  water  (see 
Fig.  9).  The  main  Indus  is  intersected  by  the 
Tarbella  Dam  in  the  north  above  Attock  and  6 
barrages  in  the  plains,  the  Kalabagh.  the 
Chasma,  the  Taimsa,  the  Guddu,  the  Sukkur 
and  the  Kotri.  All  the  mam  tributaries  also 
have  a  series  of  barrages  and  dams  to  harness 
their  water  resources.  The  extensive  and 
ever-increasing  diversion  of  water  for  irriga- 
tion -  the  b^est  of  its  kind  in  the  world  - 
alone  a  network  of  canals  and  distributaries 
flowing  through  the  desert  and  semi-arid 
tracts,  and  the  virtual  absence  of  seasonal  rains 
tot  reptenishment,  has  reduced  the  flow  to 
such  an  extent  as  to  exterminate  the  susu  from 
all  the  U'ibutaries,  leaving  only  a  small  popu- 
lation in  a  short  section  of  the  main  river.  A 
few  hundred  individuals,  estimated  around 
400,  survive  immediately  above  the  Sukkur 
Barrage.  If  things  go  on  as  at  present,  it  is  only 
a  question  of  time  before  these  are  also  exter- 
minated and  another  name  added  to  the  list  of 
extinct  species.  Kasuya  and  Nishiwaki  (1975) 
recorded  the  presence  of  a  few  stragglers  im- 
mediately below  the  Sukkur  Barraee  and 
above  the  Guddu  Barrage  but  by  now  th^  will 
probably  have  fallen  easv  targets  to  poachers. 
The  present  critical  state  of  this  dolphin  has 
been  pointed  out  by  several  workers  m  recent 
years  (Herald,  1969;  Pilleri,  1970;  HoUoway, 
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1974;  Mitchell,  1974:  Kasuya  and  Nishiwaki. 
1975).  Il  has  also  been  listed  us  one  of  the  most 
endangered  species  in  the  **Red  Data  Book**  of 
thelUCN. 

It  is  a  matter  of  some  satisfaction  lhal  (he 
need  to  give  absolute  protection  to  the  Indus 
811SU  has  been  recognized  at  national  and 
international  level.  The  World  Wildlife  Fund 
has  urged  the  establishment  of  a  sanctuary  in  a 
73  km  stretch  of  the  Indus  above  the  Sukkur 
Barrage  where  the  river  contains  adequate 
water  all  the  vcar  nnind.  It  is  certain  that  the 
Pakistan  Government  will  accept  and  imple- 
ment the  recommendation.  What  is  urgently 
called  for  are  stringent  measures  for  the  com- 
plete protcctic^n  of  the  animal. 

It  is  unfortunate  that  Indus  susu  oil  is  in 
great  demand  because  of  the  medicinal  and 
aphrodisiac  properties  attributed  to  it  and 
therefore  the  susu  is  ver\'  much  sought  after  in 
Pakistan.  Though  there  is  no  scientific  basis  for 
this  belief,  il  is  hard  to  get  rid  of  such  an  idea 
once  it  takes  hold  of  gullible  people.  Apart 
from  propaganda  for  educating  the  people  and 
the  imposition  of  very  drastic  punitive  meas- 
ures for  those  caught  poaching,  one  might  also 
ocmsider  open  marketing  of  substitute  oil  from 
marine  dolphins  to  cater  io  the  local  demand. 

in  addition  to  legislalive  and  educative 
measures  for  the  protection  of  susu,  the  author 
has  suggested  (Jones.  1974)  lepopulating  suit- 
able sections  of  the  Indus  river  system  having 
perennial  supply  of  water,  with  susu.  It  goes 
without  saying  tliat  we  can  ill  afford  to  deplete 


the  existing  population  by  removing  speci- 
mens for  experimental  purposes.  Perhaps  the 
individuals  that  manage  to  escape  from  the 
Sukkur  Barrage  could  be  retrieved  and  trans- 
ferred to  the  reservoir  immediatelv  above  the 
Kalabagh  Barrage  instead  of  being  left  to  their 
fate.  Susu  is  a  hardy  animal  and  it  is  known  to 
stand  transport  well.  It  is  hoped  that  the  above 
suggestions  will  receive  due  consideration 
from  the  concerned  authorities,  and  that 
stringent  protective  measures  will  be  imple- 
mented. In  this  connexion,  the  results  of  ex- 
periments on  transplantation  or  introduction 
of  the  Gangelic  susu  in  new  or  depleted  sectors 
in  the  Gangetic  area,  if  carried  out  as  suggest- 
ed in  the  earlier  section  of  this  paper,  should 
prove  helpful. 
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OBSERVATIONS  ON  THE  ATTITUDE  OF  PEOPLE  IN  BANGLADESH 
TOWARDS  SMALL  CETACEANS 


A.K.M.  Aminul  Haque 


Abstract 

In  Bangladesh,  the  smaller  cetaceans  compose  several  species  living  in  estuaries  and  the 
sea,  inchiding  the  Inawaddy  dolphin,  OrcaeHa  hretbrostrts,  oommon  dolphin,  Delphinus 
delphis  and  finless  porpoise.  Neophocaena  phocaenoides,  and  the  Ganges  susu.  Plaianista 
gimgetica,  living  in  fresh  water.  Ail  are  known  by  the  name  "Shush uk"  or  some  variant  of  it, 
and  fliere  is  no  oigsnized  fishery  for  any  of  them,  this  being  accounted  for  by  the  favourable 
attitude  of  the  people  towards  them.  Animals  are  sometimes  accidentally  entangled  in  fishing 
nets.  The  salt-water  species  yield  oil.  bone  and  other  products,  all  used  as  medicine:  around 
February  1976.  about  200  animals,  including  the  3  species  above,  were  caught  off  Cox's 
Bazar,  but  only  19  were  collected  and  processed.  If  caught  accidentally.  P.  gangttiea  h 
released  alive  or.  if  the  animal  dies,  its  oil  may  he  used  as  an  aphrodisiac,  medicine  or  an 
ingredient  in  soap;  its  meat  is  generally  not  eaten  nor  used  as  livestock  feed.  At  least  one 
fimiily  of  fishennen  kills  50-150  susus  each  year  by  haipoon. 

Au  Bangladesh,  les  petiLs  c6tacds  comprennent  plusicurs  espdces  vivant  dans  Ics 
estuaires  el  en  mer,  le  dauphin  de  I'lraouaddiii,  Orcaella  brevirosiris,  le  dauphin  commun, 
DetpMnus  ddphis,  le  marwuin,  Neophocaena  phocaenoides  et  le  susu  du  Gange.  Plaianista 
f^ani^fiicii.  vivant  en  eau  douce.  Tous  sont  conniis  sous  Ic  nom  de  "Shushuk"  on  unc 
varianie  de  ce  lerme  -  et  il  n'existe  aucune  p&che  organisee,  ce  qui  s'expbque  par  I'atlitude 
favorable  du  public  i  teur  igard.  Les  animaux  sont  parfois  aoddeotellement  emmflis  dans  les 
filets  de  p6che.  Les  esp^ces  d'eau  salde  foumissent  de  Thuile.  des  os  et  d'autres  produits.  tous 
employ^  oonune  medicaments.  Vers  ft^vrier  1976,  environ  200  animaux,  comprenant  les  trois 
esptees  ci-dessus,  ont  itt  captur£s  au  large  de  Cox's  Bazaar  mais  19  seulement  ont  M  ramcnis 
et  dcpccus  S'il  est  capturi  par  accident,  P.  f^angetica  est  relAch^  vivant  ou,  si  rattimal  meurt, 
son  huiie  pent  £tre  emptoyte  comme  aphrodisiaque,  oomme  ni6dicament  ou  comme  ingrt- 
dient  du  savon;  sa  chair  n'est  g^ndralemcni  pas  conaommte  et  ne  aert  pas  non  |rius  A 
I'alimentation  animak.  Une  famille  au  moins  dt  pMietin  tue  de  SO  i  100  susus  an  haipon 
chaqueann^e. 

EntrelOBOetioeos  menores  presentes  en  Bangladesh  flguran  vahas  especies  que  viven  en 
estuarios  y  en  et  mar,  oomo  d  delfln  de  Inawady  (OrtaeUa  brtei^mstrisX  d  ddfin  oomAn 

{Delphinus  delphis)  y  la  marsopa  sin  aletas  ( Neophocaena  phocaenoides).  o  en  aguas  dulces, 

oomo  la  plaianista  del  Ganges  (Flamnisia  gangeiica).  Todos  ellos  se  designan  con  el  nombre  117 
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"shushuk",  o  una  variantc  de  6\,  y  no  existe  una  pesqueria  organi/ada  de  ninguna  de  esas 
especies,  debido  a  la  aciitud  favorable  de  la  gcntc  hacia  esos  aninialcs.  Algunos  quedan 
apresados  «  veces  aocidentalmente  en  las  ledes  de  pesca.  De  las  especies  de  agua  salada  se 
otrtiene  aoeite.  hucs<is  v  otros  productos,  que  se  ulili/an  como  medicamentos:  hacia  febrero 
de  1976  se  capturaron  frente  a  Cox  Bazaar  unos  200  animates  de  las  (res  especies  de  aguas 
marinas  arriba  indicadas.  pero  s6]o  19  se  reoogieron  y  aprovediaron.  Caando  se  capturan 
accidentalmente  platanisia'^  ticl  Ganges,  sc  las  dcja  vivas  o,  si  mucrcn,  se  utili/a  su  accitc  como 
afrodislaco,  como  nicdicaniento  o  ix>mo  ingrediente  para  jabones;  la  came  no  &e  come,  en 
general,  y  se  uliliza  pura  piensos.  Al  menos  una  famiUa  de  pescadoies  mata  aniiatanente  con 
arpdn  cntre  50 y  ISO  platanislas. 


A.K.M.  Aaumtl  Haqm 

Faailiy    AMcrio;  Bonglade^  Agrieultmai  Univeraty,  Mymen^ngK  Ranghde^ 


Introduction 


Status  of  the  fisheiy 


Several  species  of  small  cetaceans  occur 
in  Bangladesh  waters,  of  which  one  is  fresh- 
water and  the  rest  are  all  estuarine  and/or 
marine.  While  three  of  the  latter  forms  have 
been  identified  as  Orcaella  brevirostris.  the  Ir- 
rawaddv  dolphin.  Delphinus  dclphis.  the  com- 
mon dolphin,  and  Neophotuena  phocaenoicies, 
the  finless  porpoise,  all  the  small  cetaceans  go 
by  the  same  popular  name,  "Shushuk"  with 
local  variants,  viz.,  "Shishu".  "Shishumachh". 
"Suchchum",  "Huchchum"  or  "iloum".  Peo- 
ple in  coastal  areas,  particularly  those  engiiged 
in  fishing,  seem  to  know  of  at  least  three  ma- 
rine species  that  occasionally  get  entangled  in 
their  fishing  nets.  They  differentiate  the  three 
species  by  the  presence  or  absence  of  a  snout, 
and  by  body-colours.  In  Febniarv  1960,  the 
author  collected  one  specimen  each  of  N. 
Phocaenoides  and  O.  brevirostris  that  were 
respectively  stranded  and  washed  ashore  at 
Cox's  Bazar  on  two  separate  occasions.  People 
who  live  away  from  the  coastal  belt  are  not 
aware  of  the  marine  cetaceans  and  know  only 
of  one  species,  Platanista  gangeticOt  the  Gan- 
ges susu  or  **Shushuk". 


There  is  no  organised  fishery  for  any  of 
the  cetaceans  in  Bangladesh.  However,  the 
author  has  located  at  least  one  family  of  "shi- 
karis** —  a  type  of  Hindu  fishermen  -  who 
harpoon  aquatic  reptiles  and  mammals.  This  is 
a  traditional  activity.  Some  50  to  150  Ganges 
susu  are  killed  this  way  every  year. 


Attttude  towards  cetaceans 


The  lack  of  an  organised  fishery  for  the 
cetaceans  can  be  explained  by  the  attitude  of 
the  people  hoe  in  general,  and  the  fisherfolk 
in  particular,  towaids  these  animals. 


Marine  and  estuarine  DotraiNS 

AND  PORPOISES 

These  marine  and  estuarine  forms  yield 
products  believed  to  have  much  therapeutic 
value.  For  example,  (a)  the  body-oil,  collected 
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bv  keeping  the  dead  animal  hanging  upside 
down  in  the  sun,  or  under  a  tin-roof,  is  claimed 
to  be  efTective  aj^inst  puerperal  fever,  asthma, 
and,  of  course,  impotence;  (b)  oil  extracted  by 
boiling  the  liver,  brain,  kidney,  and  blubber,  is 
believed  to  be  a  sure  cure  for  piles,  asthma, 
general  debility  and  other  similar  ailments;  (c) 
bile,  collected  from  the  gall-bladder,  is  used  in 
the  treatment  of  various  kinds  of  ulcerations 
including  those  of  the  stomach;  and  tlnaliy,  (d) 
the  skuU-boncs  are  made  into  powder  by 
rubbing  on  a  stone,  and  used  for  the  treatment 
of  cataracts. 

Around  February  1976  some  200  speci- 
mens of  these  marine  and  estuarine  forms,  rep- 
resenting all  three  species  listed  above,  were 
caught  in  fishing  nets  in  the  Bay  of  Bengal  off 
Cox's  Bazar,  but  only  19  were  collected  and 
processed  for  oil  and  otherproducts  by  the  sole 
processor  (the  **doctor").  Ine  rest  were  thrown 
back  into  the  sea. 

The  marine  and  estuannc  dolphms  and 
porpoises  are  regarded  by  the  people  in  coastal 
areas  of  Bangladesh  with  some  veneration. 
This  is  understood  to  be  due  to  two  reasons. 
One  is  that  these  small  cetaceans  are  believed 
by  them  to  be  "direct  descendants'*  of  Adam, 
the  first  man,  and  thus  these  "sacred*  animals 
must  be  shown  due  respect.  The  other  reason  is 
that  one  of  the  three  commoner  species  (the 
white  suchchum  of  the  fishermen),  apparently 
D.  delphis,  is  credited  with  a  very  welcome 
quali^  in  that  if  a  man  is  accidentally  thrown 
overboard,  they  are  said  to  support  him  from 
below,  and  surround  and  guard  him  against 


possible  attadc  from  sharks. 


Ganges  susu 

The  Ganges  susu  is  quite  a  strong,  stout 
animal  that  seems  to  be  able  to  sense  the  pres- 
ence of  nets  in  the  vicinity  (Aminul  Haque  et 
al..  1977)  despite  the  fact  that  it  has  only  ves- 
tigial eyes.  It  does  however  get  caught  acci- 
dentally in  fishing  nets,  and  me  fishermen  try 
to  untangle  the  animal  before  it  does  their  nets 
much  damage.  If  alive,  the  susu  is  usually 
thrown  back  into  the  water.  If,  on  the  other 
hand,  the  animal  dies,  it  may  be  taken  ashore, 
where  some  enterprising  individual  may  col- 
lect the  carcass  for  extraction  of  oil,  which  has 
well-known  value  as  an  aphrodisiac.  It  is  also 
claimed  to  be  of  much  therapeutic  value  for 
rheumatism  and  many  other  maladies,  and  has 
a  limited  local  use  in  soapmaking  and  tanning 
mdustries.  The  meat,  which  the  author  under- 
stands to  be  quite  d^ciras,  is  not  eaten  by  any 
of  the  local  people,  although  a  small  sectkm  of 
the  Buddhist  community  may  not  have  any 
objection  to  doing  so.  The  bulk  of  the  popula- 
tion is  made  up  of  Muslims  who,  for  reli^us 
reasons,  do  not  eat  susu  meat.  The  meat  is  not 
used  as  livestock  feed  either. 

People  in  Bangladesh  appear  to  have 
accepted  the  Ganges  susu  as  *a  nannless,  wa- 
ter-dwelling neighbour.  Even  if  a  fishing  net 
has  just  been  damaged,  thev  never  complain 
about  them  -  an  attitude  that  appears  al  limes 
to  border  <m  indulgence. 


Aminul  Haqui;.  A.K.M.  ei  al..  Observations  on  Ihc  bc- 
1977      haviour  and  other  related  aspects  of  the  biol- 
ogy of  the  Gaoiges  sum,  Piatanisia  gflngeti- 


ca.  Sa.  Rep.  Whales  Res.  Inst.,  Tokyo,  (29); 
87-94. 
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CURRENl  UNDERSTANDING  OF  THE  STATUS  OF  SMALL  CETACEAN 
POPULATIONS  IN  THE  BLACK  SEA 


T.D.  SivirrH 


Abstract 

A  fisbeiy  using  guns  and  nets  for  the  common  dolphin,  Delphinus  delphU,  Azov  dolphin, 
Phocoena  phocoena,  and  bottlenose  dolphin,  Tursiops  truncattu,  in  the  Black  and  Azov 

Seas  ha.s  been  pmsiied  since  about  1870  from  the  USSR,  Turkey,  Bulgaria  and  Romania. 
Steadily  declining  annual  Soviet  harvests  since  the  maximum  Soviet  catch  of  135  000-140  000 
animals  in  1938.  despite  an  increased  catching  effort,  led  to  seasonal  management  restrictions 
by  the  USSR  in  1962.  and  a  complete  closure  of  the  fishery  in  the  USSR,  Romania  and 
Bulgaria  in  1967.  I  hc  (ma!  annual  Soviet  catches  of  5  600-7  400  animals  reported  for  1964-66 
represent  a  major  collapse  of  the  fishery  and  were  accompanied  by  apparent  marked  changes 
in  the  age  and  sex  oomposltjon  of  the  harvest  and  a  change  hi  the  species  composition  from  the 
historically  predominant  D  ddp/u'^  lo  predominantiv  P.  phncoena.  The  fishcrN  continues  in 
Turkey  with  recent  reported  annual  catches  approaching  the  1938  Soviet  maximum;  the  loss 
rate  is  estimated  to  be  high  because  of  the  use  of  guns  as  the  harvesting  method. 

Limited  catch  statistics  are  available  since  J 927.  except  for  Romania,  and  are  generally 
reported  only  for  all  species  combined  in  loial  mctnc  weight.  Analysis  indicates  that  the 
exploitation  rate  was  probably  excessive  at  the  height  of  the  fishery  in  1^  (12.5-20.0  %)  and 
may  remain  so  today  for  the  Turkish  fishery  (7.9-100.8  %). 

Annual  Soviet  aerial  surveys  initiated  since  the  1967  moratorium  jMt)vide  questionable 
estimates  of  total  population  size  of  Black  Sea  porpoises.  Problems  with  these  estimates  and 
probably  also  with  kill  estimates  preclude  definite  understanding  of  the  present  state  of  the 
population  and  indicate  the  need  to  refine  both  these  statistics  Present  obsenations  are 
confined  to  recognition  that  the  numbers  of  porpoi.sc  m  the  Black  Scu  have  declined  sub- 
stantially  to  marginal  levels  due  to  the  direct  fishery;  the  present  Turkish  fisheiy  is  important, 
particularly  as  it  continues  now  when  stocks  are  probably  reduced. 

Riami 

Le  dauphin  oommun.  Delphinus  delphis,  le  "'dauphin"  de  la  mer  d'Azov,  Phocoena 
phocoena,  et  le  souffleur,  Tursiops  trtmeatus,  sont  pteh^s  aux  armes  A  feu  et  au  filet  depuis 
1870  environ  dans  la  mci  Nmrc  et  la  mer  d^^7ov  par  I'lJRSS,  la  Turquie,  la  Bulgaric  et  la 
Roumanie.  La  diminution  r^guliere  des  captures  de  I'U  RSS  depuis  le  maximum  sovi^tique  de 
I3S  000-1^  000  animaux  en  1938,  malgrd  un  effort  de  capture  accru.  a  amen^  cc  pays  k 
adopter  des  restrictions  saisonnicrcs  en  1962.  La  peche  a  etc  cntidrement  arret^e  par  TURSS.  la 
Roumanie  et  la  Bulgarie  en  1967.  Le  chiffre  annuel  des  demiires  captures  sovi6iiques  en 
1964-66,  5  600-7  400  animaux,  reprisente  un  efTondrcmcnt  majeur  de  la  p^he.  qui  s'est 
acGOmpagni  de  changements  nettement  marques  de  la  composition  des  captures  par  &ge  et 
par  sexe.  La  compmition  par  esp^ce  dtait  ^galement  modifiie,  D.  delphis,  qui  avail  toujours 
etc  i'cspCcc  dominanic,  c^dant  la  place  a  P.  phocoena.  La  pechc  sc  poursuil  en  I  urquie:  les  121 
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captures  annucllcs  rdcentes  signaldes  avoisineraient  le  record  sovidtique  de  1938.  On  cstime 
que  le  taux  de  peite  est  £lev£  par  suite  de  Tempbt  des  annes  i  feu  oouune  m^thode  d'exploi- 

tation. 

On  possMe  des  statistiques  de  capture  limitees  depuis  1927.  sauf  pour  la  RoBmanie. 
Ellcs  donncnt  en  gdn^ral  Ic  poids  total  pour  renscmhle  des  cspc^ces.  I.'anulvsc  indique  que  le 
laux  d 'exploitation  a  6ie  probablement  excessif  lors  de  I'apogee  de  ia  peche  en  1936 
( I2>20  %)  et  qull  peut  rttre  encore  dans  la  pMierie  turque  (7,9-100.8  %). 

\  cs  oncuK-lcs  acrit-nncs  annucllcs  cntrcprisc;  par  les  Sovidtiques  depuis  le  moratoire  de 
1967  toumis^cni  des  estimations  d'unc  fiabilitc  contestable  sur  ia  taille  totale  des  populations 
de  maisouins  de  la  mer  Noire.  LMncertitude  de  oes  estimations  et  probaUement  aossi  des 
estimations  dc  la  murtalitc  par  pcche  ne  permet  pas  dc  connaltre  exactement  P^tat  actuel  de  la 
population  et  prouve  qu'il  est  n^ccssairc  d'amdiorer  ces  deux  types  de  statistiques.  A  I'heure 
actndle,  on  doit  se  bomer  i  reoonnaltre  que  les  efTectift  des  marsouins  de  la  mer  Noire  ont 
subi  un  fldchisscmcnt  substantiel  et  sont  tombcs  a  un  niveau  m  iruinal  dii  fail  dc  la  pcche 
directe.  La  peche  turque  actuelle  est  d'autant  plus  imporunte  quelle  se  poursuit  a  un  moment 
oik  les  stocks  sont  probaUement  r6diiits. 

Dt^c  1870.  aproximadamente,  la  URSS,Tan)uia.  Bulgaria  y  Rumania  sededican  a  la 

pesca  dc  dcifin  comiin,  Delphinus  delphis.  marsopa  de  Azov.  Phocoena phocoeno,  y  turu6n, 
iursiups  truncatm,  con  rcdcs  y  armas  dc  l  ucgo,  en  el  mar  Negro  y  el  mar  de  Azov.  La  continua 
disminudta  de  las  capturas  anuales  de  la  Unidn  Sovictica  (a  pcsar  del  aumcnto  del  esfuerzo 
decaptura)  respects  a  la  cifra  maxima  dc  135  OflO-140  O00animalesconsc!zuida  cn  1938  movio 
a  esc  pais  a  introducir  en  1%2  restricciones,  rcgulando  la  tcmporada  dc  ca/a.  Ln  1967,  la 
URSS,  Rumania  y  Bulgaria  vedaron  totalmente  la  captura  de  esos  animates.  Las  ultimas 
capturas  anuales  de  la  Union  Soviciica  (5  600-7  400  animales),  correspondientes  a  1964-66. 
rcflejan  el  gran  colapso  de  esa  aclividad  y  revelan  notables  cambios  en  la  u)mpi)sici6n  por 
edad  y  aexo  de  los  animales  capturados  y  en  la  oomposici6n  por  espcdes  dc  las  capturas.  con 
un  predominio  de  P  phncnetui  frentc  al  prcdominio  tradicional  de  /)  tldphis.  F.n  Turquia 
prosiguc  la  explotaci6n  de  esos  delfmidos,  con  capturas  que,  en  los  ultimos  afios,  segiin  los 
datos  comunicados,  se  acercan  a  las  dfras  miximas  de  la  Uni6n  Sovictica  de  1938.  Se  calcala 
que  el  indice  dc  perdidas  cs  cicvado  dcbido  al  cmpleo  de  armas  de  fuego. 

.Sc  dispone  de  estadisticas  limitadas  de  captura  dcsde  1927  (con  exclusion  dc  Rumania), 
que  en  general  se  refieren  s61o  al  oonjunto  de  todas  las  especies,  indicando  el  peso  total  en 
unidades  m^tricas.  I.os  analisis  rcali/ados  indicun  que  probablemente  el  indice  dc  cxplotacion 
en  el  memento  culminante  de  la  pesqucria  (1936)  era  excesivo  (12,5-20  por  ciento)  y  tal  vez 
siga  si^olo  hoy  dla  en  Turqufa  (7,9-100.8  por  ciento). 

I  OS  rcconocimicntos  ac-rcos  realizados  anualmente  por  la  Union  Sovifticadesdc  la  vcda 
de  1967  permiten  hacer  estimaciones,  de  valor  cuestionable,  sobre  el  volumen  total  de  la 
poUadta  de  delfines  y  manopas  del  mar  Negro:  los  problemas  inherenles  a  esas  estimaciones 
y,  probablemente  tambien,  a  las  estimaciones  dc  las  capturas  impiden  oonocer  claramente  la 
satuact6n  actual  de  las  poblaciones  y  ponen  de  relieve  la  neoesidad  de  mejorar  ambas  cstadi- 
sticas.  En  la  actualidad,  lo  unioo  que  se  puede  hacer  cs  reoonocer  que  el  nAmero  de  deUlnes  y 
marsopas  del  mar  N^ro  ha  disaiinuido  sustancialmente,  como  consecuencia  de  la  explota- 
ci6n,  reduci^ndose  a  cifras  marginales.  Las  actuates  actividades  pesqueras  de  Turquia  son 
tmportantes,  sobre  todo  porque  probablemente  las  poblaciones  han  dismimiido. 


r.A  SmUk 

Soutkwtat  fbheries  Center,  Natimtal  Mtmne  Fisheries  Service,  P.O.  Box  271,  La  Jolla, 
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SMALL  CETACEANS  IN  THE  BLACK  SEA 


Introduction 


In  1962.  the  USSR  adopted  unilateral 
management  restrictions  on  whaling  in  the 
interaational  multispecies  small  cetacean  fish- 
ery in  the  Black  and  Azov  Seas,  which  took 
the  form  of  a  restriction  on  killing  during  the 
breeding  season.  In  1967,  whahng  by  the 
USSR,  Romania  and  Bulgaria  was  completely 
stopped.  In  Turicey  whaling  continues.  The 
adoption  oi'  management  restrictions  bv  the 
other  nations  was  prompted  by  steadily  de- 
clining catches  since  1939,  and  the  catastrophic 
decline  in  catch  in  1964-66. 

The  information  available  to  me  on  this 
fishery  comes  from:  Danilevsky  and  Tuyu- 
tyunnikov,  1968;  Zemsky  and  Yablokov,  1974; 
Mitchell^  in  press  —  diraft  version;  personal 
communication  with  Zemsky  and  Yablokov, 
December  1964,  in  La  Jolla.  California 

There  are  several  other  papers  referred 
to  in  the  above  papers  which  would  be  valu- 
able and  copies  are  being  sought.  All  of  the 
references  of  which  I  am  aware  which  mav  be 
directly  relevant  to  the  status  of  the  Black  Sea 
porpoise  populations  are  listed  in  the  bibliog- 
raphy. 


Histoiy  of  the  fisheiy 


The  catching  of  small  cetaceans  in  the 

Black  Sea  apparently  began  circa  1870 
(Zemsky  and  Yablokov,  1974).  The  earliest 
record  I  have  been  able  to  obtain  is  Irom  1927, 
when  a  catch  of 9  300  animals  by  Soviet  fish- 
ermen  was  reported  ^emsky  and  Yabk>kov« 
1974). 

The  available  statistics  suggest  a  maxi- 
mum Soviet  catch  of  135  to  140  000  animals  in 

1938.  Subsequently,  the  catch  apparently  dc- 
cUned.  until  the  whaling  stopped  in  all  countries 
except  Turkey  in  1966.  Available  catch  statis- 
tics for  the  USSR,  Bulgaria  and  Tuikmr  are 
given  in  Table  1;  the  numbered  notes  indicate 


the  variety  of  sources  from  which  they  were 
drawn.  No  information  is  available  on  the 
magnitude  of  the  Romanian  catch,  but  Jclescu 
( 1960.  quoted  in  Mitchell,  1974)  describes  the 
fishingtechniques. 

There  are  3  species  of  small  cetaceans 
involved  in  varying  degrees  in  this  fishery. 
These  are  Delphinus  delphis,  the  common  dol- 
phin, Phocoena  phocoena.  the  harbour  por- 
poise, and  Tursiops  iruncaius,  the  bottlenose 
dolphin.  The  catch  statistics  are  generally 
available  only  for  all  species  combined,  as 
shown  in  the  notes.  It  is  known,  however,  that 
the  common  dolphin,  D.  delphis,  has  histori- 
cally been  predominant  in  the  catch.  Note  that 
the  catch  records  from  the  fishery  have  histor- 
ically been  reported  in  centners  -  hundred  of 
kilogrammes.  The  formal  English  name  for 
this  quantity  is  quintal,  and  it  corresponds  ap- 
proximately to  220  lb.  The  9  300  animals  fig- 
ure reported  for  1927  is  apparently  based  on  a 
conversion  ol  one  animal  to  approximately  54 
kg  (Zemsky  and  Yabtokov,  1974).  Thus  the 
1927  catch  was  probably  first  reported  as  5  022 
centners  or  502.2  metric  tonnes.  The  origin  of 
the  figure  of  54  kg  as  the  average  weight  of 
each  animal  in  the  catch  statistics  is  unknown 
tome.  Its  accuracy  depends  on  both  the  species 
composition  and  the  age  and  sex  composition 
of  the  catch.  As  no  other  conversion  factors  are 
available  this  has  been  used  throughout  this 
report. 

Two  methods  of  harvesting  are  used, 
guns  and  nets.  I  hc  gun  method  apparently  has 
a  very  high  loss  rate  of  wounded  animate.  The 
loss  rate  with  the  net  fisher\  is  considered 
small  (Zemskv  and  Yablokov.  1974).  Turkey, 
the  only  remaining  country  pursuing  this 
fishery,  uses  the  gun  method  (Zemsky 
and  Yablokov.  1974). 

With  these  points  in  mind,  it  appears 
that  the  Soviet  fishery  reached  a  peak  in  1938 
and  then  declined  steadily.  Thus,  the  average 
pre-war  catch  is  listed  as  roughly  twice  that  of 
the  average  pust-war  catch.  This  decline  in  the 
catch  occurred  despite  greatly  increased  effort, 
both  in  quantity  and  quality.  For  instance, 
after  the  war,  aerial  spotting  pkines  were  123 
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Trille  I.    Fstimufed  numbers  of  small  celarcans  killed  in  the  Black  Sea.  b>  nation  ^ind  fnr  all  natioM,  for  M  ipcdtt.  In 
Figures  in  parentheses  indkaie  average  catch  over  the  time  period  covered  b>  the  arrows 


Year 


USSR 


Balfaria 


Turkey 


All  Nations 


1927 


9JI 


1928 
1929 
1930 

1931 

1932 

*  (66.)' 

1933 

1934 

193S 

»-  (250.300)> 

1936 

1937 

1938 

134.-I40.> 

1939 

1940 

1941* 

1942* 

m}' 

1944* 
1945* 
1946 

1947 

1948 
1949 
I9S0 


S0>* 

SO 

SO 

SO 

SO 


1.7 »« 


>0" 

>0 

>0 

>0 

>0 


19S1 

1952 

19S3 

1954 
1955 

1956 

1957 

1958 

1959 
1960 


(=33.0)^ 


31.0« 


(157- 1 85 J)' 


30.(M0.0« 


1961 

1962 
1963 
1964 
l%5 
1966 
1967 
1%8 
1969 
1970 


15 


1 


0.0"*  J 
0.0 
0.0 
0.0 

ao 


46.5S 


(5.6-7.4) '» 


♦••17 

*  •  • 

•  •• 
••• 


0.0" 
0.0 
0.0 
0.0 


3.9» 
37.4» 


3.7  » 
l.0» 
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TaMe  1.    F>timaled  numbers  of  small  cetaceans  killed  in  the  Black  Sea,  by  nation  and  for  all  nations,  for  all  species.  In  IhOMMlfa 
t  igures  in  parentheses  indicate  average  catch  over  the  time  period  covered  by  the  arrows  (concluded) 


Yew  USSR  Bulgaria  Turkey  AU  Nations 


1971 

0.0 

0.0 

1972 

0.0 

••• 

0.0 

35.2* 

1973 

ao 

*•* 

129.5* 

1974 

ao 

••• 

0.0 

'  IndKalirs  war  vfar%: 
•*  tndkaic-  %uii;niLT  scjsur.  fisher',  mtrictioa; 
***  Indicates  complete  fishei^  resUKtioo. 

*  (Zmukjr  and  Yilikikav.  1974). 

'  (Zcimky  and  Yahloknv,  WHt  BMxiaNiBi  Caleb  nmMcd. 

'  CUmA\  and  Yablokov.  IVM)  "Saimnny  caich  of  dl  WuA  Sea  eoaiilrwi*  to  campirc  villi  atauidnee  cttiaialc  for  die  ihiniei  ftmn  Ancniev.  Zeanky  aod 

Sludcnc'lvJi:iv:i.  \'>iy 

*  (Zcmskv  .ind  Y.ih'iAov.  W74)^'(  I  hi-  ..iii  hi  ir  I ''4/  r.r.     hardiv  rrachcd  half  of  ihis  n  ii  m  Uer' ICftnteg  ID  1937-38  aVCiafeorM  000  dolpMllt. 
'  (Zemiiky  und  Y4hl<iLi>v    I'j74)  apparently  maMnium  catch       U5kSR  ancc  war  yean. 

*  (Zemsky  and  Yahl<^k<H.  W74)  maxinan  catth  ligr  Bt^gBria. 
^  (Dmilevsky  and  Tyuiyunnikov,  I9M). 

*  MiicheU  <(97S)  notod  ia  Zmrfcy  Md  YaUiikov.  1974. 

*  (Zemdty  and  Yabtokov.  1974). 
'[  (Zcinsky  and  Yablokov.  1974) 

(Oanilevkky  and  Tyutyunnikm',  1968) 
"  (Danilcvskv  and  Tyutyunnikuv.  l^X) 
"  (iJ.inilc^'.l.)  and  Tyulyumiikiiv  Nd-*) 

"  (Zcmsky  and  Yablokov.  1974)  summer  fishery  re:MrKlion  as  of  I  May  l%6. 
<*  (Zcmky  aad  YaMokw.  1914)  cticb  cfliMtvtily  anok  aaioimiiat  to  "Mvcnil  doitm  a  year  only'*, 
n  (Zeiadn  aad  Yibkikair.  I994)u 
OeoHlgr  aad  Yabtokow.  I974)k 
■*  (Daniniky  aad  Tyaqfuankwr.  i960)L 


introduced,  which  increased  gear  effectiveness 
(Zemsky  and  Yablokov,  1974).  It  does  not  ap- 
pear, further,  that  any  respite  which  may  have 
occurred  durine  the  war  benefited  the  por- 
poise populations  appreciably.  The  catch  of 
5  600-7  400  animals  per  year  reported  for  1964 
to  1966  represents  a  major  collapse  of  the 
fishery  (Danilevsky  and  Tuyutyunnikov.  1968). 
Accompanying  this  there  has  apparently  been 
a  marked  dian^  in  die  composition  of  the 
catch,  by  age.  sex  and  species.  It  seems  that 
earher  the  catch  was  roughly  equally  divided 
between  the  sexes.  In  the  1963  and  1964  sea- 
sons the  catdi  was  composed  of  70-75% 
young,  and  fvegnant  or  nursing  females.  This 
may  have  been  associated  with  an  extension  of 
the  fishing  grounds  (Danilevsky  and  Tuyu- 
tyunnikov, 1968).  Similarly,  the  predominant 
species  in  the  catch  changed  from  D.  delphis 
(80-90%)  to  P.  phocoena  (Danilevsky  and 
Tuyutyunnikov,  1968). 

Note  that  P,  phocoena  is  a  small  animal. 


with  a  maximum  length  of  167  cm  for  males 
and  180  cm  for  females  (Tomilin,  1967).  The 
maximum  weight  appears  to  be  around  56  kg 
(Danilevsky  and  Tuyutyunnikov,  1968).  This 
compares  with  maximum  lengths  of  the  order 
of  2  and  3  m  for  D.  delphis  and  T.  truncatus, 
respectively. 

Referring  again  to  Table  1.  the  Turkish 
fishery  as  reported  is  obviously  important,  and 
especially  now  when  stocks  are  probably  re- 
duced. I>iBSpite  the  upheaval  during  the  second 
world  war,  and  the  cessation  of  the  Soviet  fi- 
shery, the  Turkish  fishery  continued  (Dan- 
ilevsl^  and  Tuyutyunnikov,  1968).  In  addition, 
the  use  of  guns  means  that  the  kWB  rate  is  high. 
In  the  period  195 1-56  the  average  annual  catch 
exceeded  the  maximum  Soviet  annual  catch  in 
1938.  Similarly,  the  reported  catch  in  the  last  2 
years  has  approached  that  1938  maximum. 
These  data  together  with  the  hieh  loss  rate, 
suggest  either  an  extremely  intense  fishery  on 
a  tecally  greater  abundance  of  porpoise,  or  125 
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Talk  2.   Population  -aze 
YaMokov,  1974. 


TkmUtpa  MpUmtt  Phocoena  Total 


Year 


Pop         Nal.  f  Pop.        Nat.  f  Pop         Nat.  Pop         Nat.  ^ 

(000)       lug.      Change     ('000)       lug.      Change    ('000)       log.      Change     ('000)       log.  Change 


1967 

65.7 

4.19 

+  9.1 

1968 

71.7 

4.27 

+  91.1 

1969 

137.0 

4.92 

-  73.0 

1970 

37X> 

3.61 

+280.5 

I97I 

140.8 

495 

-  19^ 

1972 

II.T5 

4.73 

-  72.7 

1973 

31.0 

3.43 

1974 

Mean 

85J4 

91.0 

SDEV 

4146 

SD 

17.IS 

ERROR 

MFAN 

4J0 

(LN) 

SDEV 

0.61 

(LN) 

SER 

0.23 

(LN) 

145.6 

4.48 

-  806 

23.3 

.?.15 

28.3 

3J4 

-  7.1 

29.2 

3.37 

26.3 

3.27 

+457.0 

12.6 

2.50 

146.5 

4.99 

+  94.3 

24.5 

3.20 

284.7 

5.65 

-  11.8 

18.3 

2.91 

251.0 

5.53 

-  16.0 

14,7 

2.67 

21  LO 

535 

33.3 

3.51 

155.77 

lll.l 

22.21 

102.24 

7.64 

38.64 

189 

4.73 

3.05 

1.00 

a36 

0.38 

0.14 

+  25.3 

234.6 

546 

44.9 

-  58.2 

129.2 

4.86 

+ 

35.8 

+  100.8 

175.5 

5.17 

+ 

18.5 

-  25.3 

208.0 

5.34 

+ 

113.4 

-  19.7 

443.8 

6.10 

14.6 

+  126J 

379.2 

5.94 

274 

275.3 

5.61 

15.1 

(233  7) 

59.3 

263.66 

45.0 

li2J5 
4146 

5.50 

0.43 


gross  inaccuracies  in  the  catch  statistics.  If  the 
former,  it  does  seem  likely  that  a  fishery  of  this 
magnitude  could  cause  a  reduction  in  the  por- 
poise populations.  This  will  be  discussed  in 
conjunction  with  the  estimates  of  stock  sizes. 

With  shilling  species  and  age  and  sex 
oompodtion  it  is  unlilcely  that  the  numbers  of 
dolphin  per  metric  tonne  of  reported  catch  has 
remained  constant.  With  the  shift  toward  P. 
phocoena  in  the  latter  part  of  the  fishery  the 
average  weight  probably  dedined  and  hence 
the  estimates  of  numbers  killed  are  probably 
too  low.  In  order  to  evaluate  truly  the  impact 
of  the  fishery  it  is  important  to  be  able  to 
determine  die  numbers  of  animals  rather  ac- 
curately. 


PopulatioD  aiies 


The  aggregate  population  size  of  all 
species  of  porpoise  in  the  Black  and  Azov  Seas 


was  estimated  for  the  thirties  at  1.5  to  2.0  mil- 
lion animals  (Arseniev,  Zemsky  and  Stude- 
netsskaya,  1973;  quoted  by  Zemsky  and  Ya- 
blokov,  1974). 

In  conjunction  with  the  Soviet  morato- 
rium on  harvesting  porpoise,  aerial  surveys 
have  been  conducted  twice  a  year  since  19d7. 
These  have  been  designed  to  obtain  estimates 
of  the  population  sizes  of  the  various  species, 
and  were  apparently  the  basis  of  population 
estimates  quoted  in  Nature  (Anon.,  1974). 
Since  that  article '  additional  information  on 
these  estimates  of  population  size  have  be- 
come available  in  Zemsky  and  Yablokov,  1974, 
These  authors  provide  estimates  by  species,  as 
shown  in  Table  2.  It  can  be  seen  that  these 
estimates  vary  considerably  from  year  to  year 
and  that  no  obvious  trends  are  identitlable.  In 
Fig.  1  the  natural  logarithm  of  the  population 


'  Note  that  in  1973  the  population  estimate  is  here  given 

as  800  000.  -three  limes  the  1965  figure".  I  have  no  n^^ure  for 
1965  and  (he  1973  estimate  given  in  Zemsky  and  Yablokov, 
1974,  is  275  300  animals. 
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size  estimates  is  plotted  against  time.  It  does 
not  seem  likelv  that  cetacean  populations,  with 
their  low  reproductive  rates  and  long  lifespan, 
oould  experience  fluctuations  of  this  magni- 
tude. 


Some  of  the  assumptions  made  in  deriv- 
ing these  estimates  arc  given.  These  include: 
(i)  random  distribution  ot  porpoise;  (ii)  search 
of  a  path  3.0  km  wide,  and  (iii)  counting  of  one 
half  of  the  animals  in  this  path.  127 
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From  personal  coversations,  I  under- 
stand that: 

-  sfHne  large  schools  were  seen  and  count- 
ed outside  this  path; 

-  the  aircraft  left  the  track  line  if  the 
sighted  school  was  large  for  a  close  fly 
by,  and  then  returned  to  the  trade; 

-  the  flight  speed  was  4  km/ min; 

-  the  area  of  the  Black  Sea  inhabited  by 
poipoise  is  413  000  km^ 

-  there  are  no  small  cetaceans  in  the  Azov 
Sea  (because  of  pollution),  and 

-  the  same  route-march  or  trackline  was 
followed  on  each  of  the  surveys. 

The  location  of  this  track  is  not  given.  It  is  not 
known  how  the  results  from  the  2  surveys  were 
combined  each  year. 

Several  comments  are  given  in  Zemsky 
and  Yablokov  (1974)  about  these  estimates  of 
population  size.  The  estimates  of  the  Delphi- 
mis  population  size  are  considered  more  reli- 
able than  those  for  Phocoena  and  Tursiops, 
because  Dclphinus  is  a  more  pelagic  animal 
and  the  other  2  more  inshore. 

The  high  variabilis  of  these  estimates, 
e\  cn  for  the  more  pelagic  Delphinus  popula- 
tion, appears  most  likely  due  to  a  failure  to 
meet  the  assumption  of  randomness  of  the 
spatial  distribution  of  the  populations.  Some 
information  on  the  biology  of  these  3  species  is 
of  interest  here.  As  mentioned  in  Zemsky  and 
Yablokov  (1974).  Phocoena  and  Tursiops  are 
generally  found  nearer  shore  than  Delphinus. 
Sokolov  (1971)  referring  to  Kleinenberg 
(1956)  describes  Tursiops  truncatus  as  feeding 
generally  on  benthic  organisms,  fairly  near 
shore.  It  is  restricted  in  distribution  to  the 
northern  and  eastern  shores  of  the  Black  Sea 
(Tomilin,  1967).  Sokolov  also  describes  Pho- 


coena phocnena  as  being  a  benthic  fish  feeder 
in  coastal  waters,  but  also  a  pelagic  feeder  in 
deep  water.  This  spedes  also  feeds  on  ancho- 
vy-uke  fish  when  these  occur  in  dense  schools. 
This  pelagic  feeding  is  apparently  most  im- 
portant in  the  spring  and  autumn  (Tomilin, 
1967).  It  is  thought  that  P.  phocoena  feeds  ex- 
tensively on  the  Azov  anchovy  as  it  migrates 
from  the  region  around  the  Caucasus  Moun- 
tains  north  throu^  the  Kerch  Strait  into  the 
Azov  Sea.  Danilevsky  and  Tyutyunnikov 
(1968)  suggest  also  that  P.  phocoena  winters  on 
the  Anatolian  coast  (West  Turkey)  and  that  it 
does  not  enter  the  Azov  Sea.  I  his  latter  point 
was  also  suggested  by  Yablokov  (pers.  comm.), 
dting  pollution  levels. 

In  distinction  to  these  other  2  species, 
Delphinus  delphis  is  a  pelagic  animal,  feeding 
primarily  on  anchovy  (Engnailis  encrasicho- 
lus)  and  sprat  {Spratella  spratus  phalerizd). 
Tomilin  (1967)  suggests  that  D.  delphis  feeds 
on  local  concentrations  of  these  fish.  Congre- 
gations of  this  porpoise  will  form  over  a  con- 
centration of  fish  for  periods  of  1  to  2  months. 
These  2  food  species  apparently  spawn  at  dif- 
ferent seasons,  dispersed  over  the  Blade  Sea, 
but  form  dense  concentrations  in  the  non- 
spawninc  season.  The  anchovy  is  a  summer 
spawner  and  the  sprat  a  winter  spawner. 

This  biological  background  allows  the 
assumption  of  random  distribution  to  be  eval- 
uated, First,  the  assumption  that  /"  iruncatus 
and  P.  phocoena  are  distributed  over  the  whole 
Blade  Sea,  let  alone  randomly,  appears  ques- 
tionable. It  would  seem  necessar\  to  obtain  a 
better  understanding  of  the  area  inhabited  at 
the  time  of  the  survey.  However,  the  assump- 
tion of  these  species  being  distributed  over  the 
whole  area  should  result  in  a  systematic  bias, 
not  in  high  variability.  Second,  the  large  con- 
centrations of  D.  delphis  feeding  on  the  an- 
chovy during  the  summer  (the  time  of  the 
surveys)  will  tend  to  increase  the  variability  of 
the  resulting  estimates.  As  the  track  lines  were 
]K)t  randomly  placed  tiiis  could  also  result  in  a 
possible  bias  in  the  estimates.  This  aspect 
could  he  evaluated  further  by  examining  the 
variability  between  the  surveys  within  a  year. 
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The  accurate  determination  of  the  area 
inhabited  is  important  to  avoid  a  consistent 
bias  in  the  resulting  population  estimates. 
Similarly,  the  accurate  determination  of  the 
path  effectively  searched  is  important.  The 
assumption  of  seeing  one  half  of  the  animals 
within  a  3  km  path  implies  an  effective  path 
width  of  1.5  km,  or  0.75  Ion  on  a  side.  One 
interpretation  of  this  i.s  that  the  number  of 
sightings  made  is  the  same  as  would  have  been 
made  if  a  path  0.75  km  on  a  side  had  been 
inspected  completely. 

Using  this  figure,  one  obtains  the  pro- 
portion of  the  area  eOectively  searched  as 
(8  000  X  1.5/413  000)  -  0.029.  Thus  the 
number  of  animals  sighted  would  be  divided 
by  this  fraction  to  obtain  the  total  population 
estimate. 

This  assumed  path  width  can  be  checked 
against  2  other  examples.  TomiUn  (1967)  re- 
ports on  observations  made  from  an  aeroplane 
in  the  late  thirties,  referring  to  Tsalkin 
(1936-38)  and  Golenchenko  (1939).  The 
sources  of  these  references  are  not  available. 
Flying  at  a  speed  of  130-180  km/h  and  at 
200-500  m  altitude,  Tomilin  suggests  it  is  pos- 
sible to  see  dolphin  schools  up  to  a  maximum 
distance  of  about  7  km.  He  also  reports  that 
"most  convenient"  observatiCHl  can  onlv  he 
made  if  the  aircraft  Hies  directly  over  or  withm 
approximately  1.5  km  of  the  school.  Tomilin 
notes  that  visibility  deteriorates  markedly  if  the 
sea  state  exceeds  Beaufort  2.  The  a.ssumption 
made  about  visibility  is  not  inconsistent  with 
these  values,  although  perhaps  socwhat 
oons«rvative. 

The  second  comparison  is  with  figures 
given  in  Smith  (1975).  In  an  aerial  survey  in 
the  eastern  tropical  Pacific  in  early  1974,  the 
distance  of  sifpiting  of  each  school  was  re- 
corded. An  average  distance  at  which  schools 
were  sighted  of  1.4  km  was  reported.  Follow- 
ing Seber  (1973)  this  average  sighting  distance 
can  be  interpreted  as  the  enective  path  seardi 
on  1  side  of  the  aeroplane. 

This  can  be  compared  with  the  value  ot 
0.75  km  computed  above,  suggesting  that  the 
visibility  in  the  Blade  Sea  sniv^  is  much  less 


than  that  in  the  eastern  tropical  Pacific  survey, 
or  that  one  or  more  of  the  assumptions  listed 
above  are  false. 


Status  of  the  stocks 


A  simple  statistic  which  can  be  used  to 
evaluate  the  impact  of  harvesting  on  a  popu- 
lation is  the  cmde  exploitation  rate,  the  ratio 
between  the  total  number  harvested  and  the 
total  population  size.  In  the  Black  Sea  porpoise 
harvesting,  the  kill  is  not  generally  available  by 
species,  so  it  is  necessary  to  compute  this  ratio 
for  all  stocks  taken  together. 

In  the  thirties  the  total  size  of  all  stocks 
was  estimated  at  1.5-2.0  million.  Comparing 
this  to  the  estimated  kill  in  1936  of  0.25-0.36 
million,  one  obtains  a  crude  exploitation  rate 
in  the  range  of  12.5-20.0  %. 

It  is  difTicult  to  choose  a  most  probable 
population  size  from  the  estimates  given  in 
Zemskv  and  Yabloktn  However,  if  the  gene- 
ral ranse  of  the  estimates  of  129  200-444  000 
animals  is  reasonable,  the  current  exploitation 
rates  due  to  the  Turkish  kill  can  be  computed. 
The  estimates  of  the  Turkish  kill  in  this  decade 
vary  from  35  2(X)-130  (KX)  animals  per  year. 
These  estimates  suggest  crude  exploitation 
rates  of  7.9-100.8  %.  The  observation  that  the 
Turkish  har\  esting  has  continued  at  high  lev- 
els in  1973  and  1974  suggests  that  the  popu- 
lation estimates  are  probably  in  the  high  end 
of  the  range. 

Beyond  these  crude  analyses  there  is 
little  that  can  be  said  about  the  status  of  the 
stocks.  The  problems  with  the  available  esti- 
mates of  population  size,  and  probably  also 
with  the  kill  estimates,  preclude  a  consistent 
understanding.  It  would  appear  necessary  to 
refine  both  of  those  statistics,  but  especially  the 
population  size  estimates.  As  discussed  above, 
this  latter  would  be  possible  bv  better  deter- 
mining both  the  area  inhabited  at  the  time  of 
the  survey  and  the  effective  path  width 
searched.  129 
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Smnmary 

I  have  assembled  and  reviewed  what  is 

available  to  mc  on  the  status  of  the  Black  Sea 
small  cetacean  populations.  It  is  apparent  that 
a  fishery  directly  on  these  animals  has  reduced 
thdr  abundance  to  marginal  levels.  By  1966 
this  reduction  was  sufficient  to  cause  manage- 
ment action  to  be  taken  in  some  countries.  The 


kill  was  probably  excessive  at  the  height  of  the 
fishery  (12.5-20.0  %),  and  may  still  be  so  today 
(7.0-100.8%). 

However,  the  information  on  ntimbers 
killed  and  on  numbers  in  the  population  is  not 
sufficiently  precise  to  allow  for  defmite  state- 
ments. Periiaps  the  most  telling  observation  is 
that  the  numbers  of  small  cetaceans  in  the 
Black  Sea  has  declined  substantially. 
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CHANGE  IN  OCCURRENCE  OF  THE  HARBOUR  PORPOISE, 
PHOCOENA  PHOCOENA,  IN  DANISH  WATERS  AS  ILLUSTRATED 
BY  CATCH  STATISTICS  FROM  1834  TO  1970 


S.H.  Andersen 


During  24  seasons  (November,  December  and  January)  ftom  1834  lo  1892,  27  992 

harbour  porpoises,  Phocoena phocoena.  were  taken  in  the  Strait  of  I  i!!e  Baelt,  Denmark,  wiUl 
a  mean  annual  harvcsl  of  1  122.  Catches  during  the  2  world  wars  were  between  230 and  about 
700  animals.  From  this  data  and  die  audior's  own  field  obaervatioiis  in  1969/70,  when  about 
20  animals  were  seen.  i(  can  be  concluded  that  thepiesent  migratioii  of  harbouf  poipoises 
through  Danish  waters  is  less  than  before. 

Mimmi 

Au  cours  des  24  campugncs  (novcmbrc,  diccmbrc  et  Janvier)  qui  se  sont  ddroulies  de 
1834  a  1892.  27  992  marsouinsoommuns,  Phocoena phoeomOtOax  t\t  captures  dans  le  d^troil 
de  Lille  Baelt,  au  Danemark,  soil  une  capture  annuelle  movcnne  dc  I  122  animaux.  Pendant 
la  p^riodcsetendantentre  les  deux  guerrcs,  les  captures ontetti  de  230  a  environ  700  animaux. 
Sur  b  base  de  ces  donnto  et  des  propres  observations  de  I'aateur  sur  le  terrain  en  l%9/70, 
quand  on  a  aperc^u  quelque  20  animaux,  on  peut  conclure  que  les  migration,s  actuelles  dcs 
dauphms  communs  a  iravers  les  eaux  danuiscs  sunt  miericures  a  cc  qu'elles  ^taient. 

Entre  1834  y  1892,  en  d  cuiso  de  24  campeftas  (noviembre,  diciembre  y  eneroX 

capturarcin  en  el  Mile  Raell,  Dinamarca,  27  992  marsopa.s  comunes.  Phocoena  phocoena,  con 
una  captura  anual  media  de  1  122  animales.  Durante  las  dos  guerras  mundiales  las  capturas 
variaran  entre  230  y  700  animates.  A  paitir  de  cnt  daios,  y  de  hu  observadones  hedias 
dkectamente  por  el  autor  en  1969/70,  en  que  avilt6  20 animates,  se  puede  conduir  que  los 
movimientos  migratonos  de  la  marsopa  cumiin  en  »ga»$  dancsas  son  hoy  mcnorcs  que  antes. 
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In  manv  sites  of  its  world  wide  distribu- 
tion ihe  harbour  porpoise  is  known  to  migrate 
and  this  held  tnie  until  about  19S0  for  the 
harbour  porpoise  in  Danish  and  Baltic  waters. 
In  early  spring  the  animals  were  seen  migrat- 
ing through  Damsh  waters  to  the  Baltic  Sea. 
Some  stayed  in  Danish  waters,  where  harbour 
porpoises  are  still  common  most  of  the  year.  In 
November.  December  and  part  of  January  a 
migration  out  of  the  Baltic  took  place.  At  this 
time  the  animals  were  sdiooling,  m  contrast  to 
the  more  scattered  inward  migration  in  spring. 

Today,  migration  to  and  from  the  Baltic 
Sea  has  almost  completely  ceased.  This  state- 
ment is  based  upcm  a  comparison  of  the  catch 
of  porpoises  from  1834  to  1892  with  the  much 
lower  catch  during  world  wars  I  and  11,  and  on 
the  author's  own  observations. 

The  porpoise  hunt  in  the  narrow  strait 
separating  the  Danish  peninsula  Jutland  from 
the  island  of  Funen  has  already  been  describ- 
ed in  English  (van  Heel,  1962)  but  tiic  catch 
statistics  from  the  porpoise  hunting  guild  have 
not  been  published  before. 

The  hunting  guild  dates  back  to  1593, 
but  written  information  on  hunlmg  yield  is 
only  available  for  the  periods  1834^5, 
1873-74,  and  1880-91.  The  main  product  ob- 
tained from  porpoise  catch  was  oil  for  lighting. 
The  guild  was  cancelled  in  1898,  possibly  due 
to  the  decreased  catch  but  also  due  to  the 
competition  from  dieaper  mineral  dl  pro- 
ducts. 

The  following  table  gives  the  catch  re- 
cords available  fiom  the  porpoise  guild's  ac- 
count books. 

Catching  took  place  only  in  November, 
December,  sometimes  extending  until  the 
middle  of  January,  and  the  yearly  yields  seem 
astonishingly  high  to  Danes  of  today.  The  to- 
tal catch  during  these  three  periods  totalling 
24  years,  was  27  992,  with  a  seasonal  mean 
of  I  122  porpoises. 

The  hunt  was  resumed  in  the  same  wa- 
ters during  the  two  world  wars,  and  the  catches 
obtained  are  shown  in  Table  2. 

In  1969-1970  the  author  was  engaged 
132    full-time  in  hunting  for  live  porpoises  to  be 


TaMe  I.   Reconkd  catches  (imm.)  of  hariwur  porpoise,  Pho- 
eoema  phocoena,  by  the  porpoise  hunting  guild 


SeMon 

ISO.  Ol 

cMcbes 

Season 

No.  of 
catches 

1834-.1.S; 

1  684 

1880-81 

1  831 

1835-36: 

1  215 

1881-82 

1  814 

1836-37: 

1416 

1882-83 

1  545 

1837-38: 

6S3 

1883-84 

1505 

183t-39: 

186 

1884-85 

1552 

iS3M0: 

657 

1885-86 

1318 

18«M1: 

683 

1886-87 

I  349 

1841-42: 

793 

1887-88 

1  0O9 

1842-43: 

1395 

1888-89 

1  589 

IK43-44: 

1079 

1889-90 

992 

1844-45: 

330 

1890-91 

301 

1873-74: 

1801 

1891^ 

521 

kept  in  captivity.  Between  April  and  January, 

and  in  the  same  waters  in  which  the  hunters 
worked  in  the  old  days,  we  observed  only 
about  20  animals,  many  of  which  seemed  to  be 
the  same  individuals. 

It  is  concluded  from  the  material  pres- 
ented here  that  the  migration  of  the  harbour 
porpoise  through  Danish  waters  to  and  from 
the  Baltic  Sea  is  now  only  a  shadow  of  what  it 
was. 

For  a  discussion  on  the  causes  of  this 
alteration  see  Andersen,  1972. 


Table  2.  Catchesor/^oconw^AocomaiiiworidwanlaodU 


Seas<in  No.  of  catches 


1916-  17:  approx.  300 

1917-  18:  -  600 

1918-  19:  -  700 

1941-42  :  230 

1042-43:  329 

1943-44:  421 


THE  HARBOUR  KNtFOISE  IN  DANISH  WATERS 
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DDT  RESIDUES  IN  BLUBBER  OF  HARBOUR  PORPOISE, 
PHOCOENA  PHOCOENA  (L.),  FROM  EASTERN  CANADIAN  WATERS 
DURING  THE  FIVE-YEAR  PERIOD  196»-1973 


DJ^.  Gaskin,  M.  HoLDRiNLT  nod  R.  Frank 


AhtlnKt 

Samples  of  blubber  from  6U  male  and  55  female  hmbouT  porpoises  (Phacoena phocoena) 
collected  lioin  1969  to  1973,  all  but  1 1  from  the  east  and  west  coast  approaches  to  the  Bay  of 
Fundv,  weie analysed  for  DDT  residue,  die  results  were  then  compared  aconding  to  sex.  age 
class  and  year  of  collection.  Factors  complicating  the  study  included  variation  of  the  levels  of 
lesidue  in  indtvkluab  of  the  same  age,  perhaps  due  in  part  to  differences  in  diet,  and  the 

relative!)  small  size  of  samples.  DDT  residue  leveb  showed  a  positive  correlation  with  ai:e  in 
male  harbour  porpoises  and  a  negative  though  less  pronounced  correlation  m  females, 
.  indicating  that  a  significant  portion  of  the  accumulated  DDT  may  be  passed  by  females  to  the 
foetus  or  to  the  calf  during  lactation.  It  appears  that  DDT  levels  in  porpoises  of  both  sexes 
collected  at  the  end  of  the  study  were  very  markedly  lower  than  those  of  animals  collected  at 
the  beginning.  No  dose  correlation  of  residue  levels  widt  body  size  was  apparent  nor  was  it 
possible  to  detect  whether  there  is  any  significant  annual  fluctuation  in  resulue  levels.  Differ- 
ences between  residue  levels  in  some  of  the  animals  collected  in  North  American  waters 
outside  the  Bay  of  Fundy  and  the  average  levels  of  the  B^r  of  Fundy  group,  may  be  due  to 
differences  in  reproductive  historv  .  in  diet,  in  oceanic  ooncfitions  and  in  the  amount  of  DDT 
that  has  entered  the  different  habitats. 

Dcs  echantillons  de  graissc  provcnani  dc  OU  males  ct  55  femellcs  de  mars*.)um  commun 
(Phocoena  phocoena),  pr^lev^  de  1969  i  1973  et  provenant  tous,  sauf  onze,  des  approches 
coti<>res  esi  et  ouest  de  la  Baie  de  I  undy,  ont  6tc'  analy-sts  pour  dtftecier  la  pri^sence  de  rt-sidus 
dc  DDI.  La  resulluts  ont  cnsuitc  etc  compares  scion  Ic  scxc,  la  classe  dagc  ct  Tanncc  dc 
priMvement.  Les  facteurs  oompliquant  I'^tude  comprenaient  des  variations  du  niveau  des 
risidusche/  des  sujets  du  meme  age.  dues  pciil-etre  a  des  difft^rences  de  regime  alimenlaire  et 
k  la  taille  rclutivcmcnt  rcduite  dcs  echantillons.  Lcs  nivcaux  dc  rcsidus  dc  DDI  tnoniruicnl 

une  oorrtiation  positive  avec  TSge  diez  les  marsoutns  miles  et  une  correlation  n^ative,  bien 

que  moins  prononccc.  chc7  les  femellc*.  cc  qui  indiquait  qu'une  fraction  significative  du 
DDT  accumul^  peut  passer  des  femellcs  au  fcclus  ou  au  veau  pendant  rallaitcmenl.  U 
apparati  que  les  niveaux  de  DDT  chez  les  marsouins  des  deux  sexes  recueilib  A  la  ffai  de 
I'etudc  etaient  ires  ncttcment  infericurs  a  ceux  dcs  anipuuix  pris  au  debut.  Aucune  ctroite 
correlation  entre  le  niveau  des  rdsidus  el  b  laille  du  corps  n  est  apparue  ct  il  n  a  pas  non  plus  ^tc 
possible  de  savon*  s'il  existe  une  fluctuation  annuelle  significative  des  niveaux  de  risidus.  Les 
dilTL-rcnces  dc  niveaux  de  residus  che/  certains  dcs  animaux  captures  dans  les  caux 
nord-amcricaines,  hors  de  la  baie  de  Fundy,  el  les  niveaux  moyens  du  groupe  de  la  baie  de  135 
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Fundy  peuvenl  etre  dues  a  dc!>  diiferences  du  cycle  de  reproduction,  du  regime  alimentaire, 
des  cooflitions  oo6aiuqaes  et  des  quudtte  de  DDT  qui  ont  pinitrt  dans  les  diffirents  habitats. 

Exincto 

P;ira  dctcrminiir  la  proscncia  dc  rcsiduds  dc  DDT  so  anali^anm  miiestras  dc  grasa  de  60 
machos  y  55  hem  bras  de  marsopa  comiin  {Phocoena  phocoena)  recogtdas  loda»  cUas  cntre 
l%9  y  1973  y  procedentes  (exoepiuadas  1 1)  de  antmales  captarados  en  los  extremos  oriental  y 
occidental  dc  la  bahia  de  Fundv,  comparando  luc<:o  los  resultados  segiin  el  sexo,  la  clase  de 
edad  y  el  ano  en  que  se  habia  recogido  la  muestra.  Entre  lo&  factores  que  complican  el  estudio 
pueden  citarse  la  vaiiacidn  en  la  presenda  de  residuos  entre  individuos  de  la  misma  edad. 
debida  qui/as  en  parte  a  diferencias  en  su  dieta  alimcntaria.  y  cl  volumen  relativamente 
pequeAo  de  las  muestras.  Los  residuos  de  DDT  mostraron  una  correlaci6n  positiva  con  la 
edad  en  las  marsopas  machos  y  una  correlacidn  negativa,  aunque  mcnos  pronunciada,  cn  las 
herobras,  lo  que  indica  que  las  hembras  pueden  pasar  una  porcion  importante  del  DDT 
acumulado  al  (elo  o  a  la  cria  durante  la  latlacion  I  ns  niveles  DDI  rmonlrados  CO 
maisopas  de  ambo!.  sexos  recogidos  a  finales  del  estuJio  resultaron  notablenieiuc  uilerioresa 
los  presentcs  cn  antmales  recogidos  ul  principto.  No  se  cnconir6  ninguna  relaci6n  estrecha 
entre  el  nivel  de  los  residuos  v  la  lalla  corporal,  ni  fue  posible  dctectar  la  presencia  de 
fluctuaciones  anualcs  importanics  cn  el  nivcl  dc  los  rc!>iduo!>.  Las  diferencias  cntrc  los  nivclcs 
de  residuos  de  algunos  de  los  animales  recogidos  en  aguas  estadounidenses,  fucra  de  la  bahia 
de  Furulv ,  V  Ids  nivclcs  medios  del  grupo  de  la  hahia  de  Fimdv  puede  dehcrse  a  diferencias  en 
el  ciclo  rcproductivo,  en  la  dieta,  en  las  cundiciones  oceanicas  y  en  la  cantidad  de  DDT  que 
penetra  en  los  distinlos  hibitats. 
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DDT  RESIDUES  IN  THE  HARBOUR  PORPOISE 


Introduction 


Preliminary  findings  concerning  DDT 
and  dicldrin  levels  in  harbour  porpoises.  Pho- 
coena  phocoena  (L.),  from  the  Bay  of  Fundy 
region  during  1%9  and  1970  were  presented 
by  Gaddn,  Holdrinct  and  Frank  (1971).  In 
view  of  some  high  levels  recorded  (averages  of 
307.00  ppm  in  extractable  fat  of  weaned  and 
adult  males  and  214.00  ppm  in  immature  and 
resting  females),  sampling  was  continued  in 
subsequent  years  to  study  possible  trends  in 
the  levels.  Since  DDT  was  not  being  used  in 
large  quantities  in  the  watershed  regions  of  the 
major  rivers  feeding  the  Bay  of  Fundy  after 
1967.  it  was  hoped  that  a  rather  rapid  reduc- 
tion in  tissue  levels  would  be  observed,  in  the 
present  paper,  some  of  the  results  obtained  for 
the  5-year  period  1969-73  arc  discussed.  Resi- 
dues of  PCBs  and  other  organochlorine  com- 
pounds arc  still  under  study,  and  results  will  be 
given  elsewhere. 


Materials  and  methods 


Samples  of  blubber  and  other  tissues 
were  collected  from  1  IS  harbour  porpoises  (60 
males  and  55  females)  taken  during  the  period 
June  1969  to  September  1973  by  shooting  at 
sea  or  from  fish  traps,  in  eastern  North  Amer- 
ican waters.  Specimens  obtained  were  aged 
from  examination  of  thin  ground  sections  of 
mandibular  teeth  following  the  methods  and 
interpretations  of  Gaskin  and  Blair  (1977).  A 
piece  of  blubber,  2  X  2  cm  in  area,  free  of 
underlying  epaxial  muscle  and  visible  con- 
nective tissue,  was  taken  from  the  right-hand 
side  of  each  specimen  10  cm  behind  and  above 
the  b^e  of  the  pectoral  flipper.  Tissues  were 
chilled  to  seawater  temperature  (about  10  "C) 
and  froi!;en  to  -  20  "C  as  soon  as  field  condi- 
tions permitted  (2-7  hours).  For  chlorinated 
hydrocarbon  analysis,  macerated  representa- 
tive samples  were  subjected  to  exhaustive 


soxhlet  fat  extraction  with  hexane  and  1  g  of 
extracted  fat  of  each  was  cleared  usin^  a  5  % 
deactivated  Florisil  r  column,  foUowmg  the 
method  of  Langlois.  Stemp  and  I.iska  (1964); 
Gaskin.  Holdrinct  and  Frank  (1971):  and 
Gaskin  et  al.  (1973).  Chlorinated  hydrocar- 
bons were  eluted  using  dichloromethane  in 
hexane.  A  preliminary  gas  chromatographic 
run  was  used  to  assess  levels  of  DDTs  and 
PCBs.  If  significant,  a  suitable  aliquot  was 
dissolved  in  acetone  and  run  through  a  column 
of  activated  coconut  charcoal  to  separate  the 
DDT  group  from  PCBs.  this  method  being  a 
modification  of  that  described  by  Berg,  Dio- 
sady  and  Rees  (1972).  25  %  acetone  in  ether 
was  used  to  elute  the  DDT  group  first;  PCBs 
were  removed  from  the  column  with  ben/enc. 
lloth  tractions  were  passed  through  a  mixed 
phase  column,  and  ^  chromatography  was 
used  for  residue  quaBfication  and  quantifica- 
tion. 

Results  are  presented  as  obtained,  un- 
corrected for  recovery  percentages,  the  latter 
being  checked  periodically  by  fortification 
directlv  into  the  oil  obtained  from  hexane 
extraction.  Average  recoveries  were: 
p.p  DDE-98%;  p,p'-TDE-95  %;  o,p'-DDT- 
91%;  p.p'-DDT-90  in  total.  Further 
studies  of  the  PCB  residues  are  in  progress  and 
results  will  be  reported  elsewhere,  as  will  data 
on  DDT  group  residues  samples. 


Results  and  disciission 


The  sex  and  age  class  distribution  of 
specimens  in  this  study  are  shown  in  Table  1. 
Unless  indicated  in  the  footnote  to  this  table, 
all  specimens  were  taken  in  waters  around 
Deer,  Campobello  and  Grand  Manan  Islands 
and  from  the  Digby  Gut  and  the  Annapolis 
Basin.  Table  2  shows  the  DDT  levels  obtained. 

The  magnitude  of  organochlorine  hy- 
drocarbon residues  can  be  inlluenced  by  a 
number  of  factors.  The  most  significant  of 
these  variables  appear  to  include:  (i)  the  age  of  137 
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TaHe  I.  Age  dbtrikatkm  of  harbour  porpoises  from  Bay  of  Fnndy  approaches  cdccted  Airing  1969-73,  wMi  wppltBimHiy  Art*  «0 
lyeclPMiM  taken  oiitaide  this  immediaie  area. '  Numbers  of  males,  fcmaks  |i««Q  separately 


Year  classes 

Yean 

0 

1 

2 

3 

4 

S 

6 

7 

8+» 

Toiak 

MPMFMFMPMFMFMFMFMPMF 


1969 

1 

0 

I 

3 

0 

4 

0 

0 

0 

1 

1 

4 

1 

0 

2 

0 

1 

0 

8 
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1970 

2 

2 

3 

2 
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0 

1 

0 

0 

2 

0 

0 

0 

0 

1 

u 

1 

1 

9 
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1971 

2 

1 

4 

3 

1 

1 

0 

2 

1 

0 

2 

3 

0 

0 

2 

0 

I 

1 

14 

10 

1972 

2 

0 

4 

3 

1 

I 

0 

1 

1 

2 

1 

3 

0 

0 

0 

1 

0 

15 

7 

1973 

2 

1 

3 

1 

i 

2 

0 

1 

0 

1 

2 

2 

2 

1 

0 

1 

2 

1 

12 

11 

Toiab 

9 

4 

13 

13 

S 

8 

2 

3 

2 

s 

7 

10 

7 

1 

s 

1 

6 

3 

57 

47 

■  the  odicr  tt  ipMimuu  fron  ooaMle  the  Bay  of  Fmdy  ipproacha  iadudcd:  I  from  St  Marv's  Biy  bead  ia  1972  (F.  t);  2  fmm  NanagantMl  Bay.  R,l.,  la  1971 

(F.  I),  and  1972 (F.O):  I  (h>m  Boolhbay  Harbor.  Me  .  in  1971  (F,  1);  I  from  souihcaucrn  NcwfoundUnd  in  I973(F.B):  lltaMiaawii,P£J.iM  l9n(M,5);aad3Aaaillie 
WUlheastrm  Atlanlic  coast  of  Nova  StxHia  in  1970(1.4);  1971  <h,6)anj  W20  .  I;  M.y  1 .  7).  Se«  and  agq  of  liWC  «f<CiBiami»ea  la  pawllmCT. 
'  IndudM  five  <-ycar-olda  QA,  3;  F,  2);  gae  9-year-oU  female;  aod  three  auks  ag/cA  10, 1 1  and  13  yean,  icqiaciiwly. 


the  specimen:  (ii)  the  rcjiidnal  level  of  contam- 
inants and  the  corresponding  influx-efllux 
relationship;  (iii)  the  reproductive  state  and 
history  of  the  individual,  especially  in  the  case 
of  females,  and  (iv)  the  particular  diet  and 
feeding  regime  of  the  animals  concerned.  Di- 
rect uptake  from  water  is  possible,  but  the 
quantity  of  organochlorines  obtained  by  a 
marine  mammal  by  this  route  is  likely  to  be 
veiy  small  m  comparison  to  the  amount  ob- 
tained from  food.  Variation  in  body  size  at  any 
given  age  is  not  insignificant  in  this  species,  but 
since  one  might  expect  larger  specimens  to 
have  a  correspondingly  sli^ily  higher  pro- 
portional food  mtake,  any  influence  on  residue 
levels  probably  lies  well  within  the  observed 
individual  variation.  The  latter  is  large  and 
may  be  attributed  to  different  exposure  to 
contaminants  through  dietary  preference  or 
food  item  availability,  both  of  which  may  vaiy 
from  one  local  region  to  another  with  time,  or 
to  unknown  ditferenccs  in  individual  physio- 
logical condition.  In  the  present  study, 
interpretation  is  further  complicated  by  the 
relatively  small  sample  sizes  of  subcategories, 
despite  the  fact  that  115  specimens  is  a  re- 
spectable total  by  large  mammal  standards. 
Year-class  data  have  been  pooled  in  a  number 


of  cases  w  hen  this  seemed  appropriate  and  not 

misleading. 

The  majority  of  animals  examined  in 
this  study  were  captured  between  the  end  of 
May  and  the  middle  of  September  during  the 
5-year  study  period.  Ihc  species  is  strongly 
migratory  in  the  coastal  waters  of  the  Maritime 
Provinces  of  Canada  (Gaskin,  Arnold  and 
Blair.  1974)  and  the  numbers  of  animals  in  the 
Bay  of  Fundy  drop  very  markedly  at  the  onset 
of  die  autumn  (Neave  and  Wright,  1968).  It 
was  not  possible  to  ascertain  whether  there  is 
anv  significant  annual  fluctuation  in  residue 
levels,  but  such  evidence  as  is  available  sug- 
gests that  this  too  would  be  masked  by  the 
large  degree  of  individual  variation  even  it  if 
did  occur.  For  example,  two  2-ycar  old  fe- 
males, both  sexually  immature,  were  taken  on 
2  and  3  September  1969.  Both  were  between 
132  and  133  cm  in  total  body  length,  and  in  all 
other  appearances  were  nearly  identical  heal- 
thy young  females.  Study  oi'  tooth  sections 
suggested  that  one  might  have  been  a  month 
or  so  older  than  the  other,  but  probably  not 
more.  Yet  the  tractionallv  smaller  specimen 
contained  132  ppni  of  total  DDT  in  exiractable 
fat  and  the  other  only  56  ppm.  This  compari- 
son also  seems  to  miutate  against  dose  corre- 
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Tfllte  2.    Minimum,  mxtaHim  and  nu'iin  (in  parentheses)  levels  (if  !i  DOT  rcsidtu'v  in  blubber  of  harbour  porpoises  i Phococna 
phocoena  (L.))ftWB  the  Bay  of  I-  undy  approaches.  Canada,  1969-73.  All  resulls  in  ppm  in  exiraclable  fal,  from  IhaHcd  tissue 


Year 
classes 


H-t- 


Males 
19(9 

288.7 

150.8 

305.4 

225.6- 
226.0 

371.0- 

5200 

447.9 

1970 

75.1- 
186.7 

163.1- 
416.0 

(?67  ^  ) 

337.0 

291.0 

326.0 

1971 

3a3- 
45.1 

4(1  4- 
86.5 
(65.7) 

57.0 

183.8 

169.8- 
377.8 

186.2- 
203.1 

556.3 

1972 

62.7- 
265.8 

50.1- 
95.6 

40.4- 
81.9 
(554) 

87.3 

194.4 

74.9- 
86.5 

60.1- 

107.3 
(84.3) 

411.8 

1973 

25.4- 
132.9 

16.^ 
28.1 
(23.4) 

16.1 

45.1- 
292.0 

89.2- 
131.9 

205.7- 
221.6 

1969 

183.5- 
269.5 
(212.9) 

56.2- 
352.0 
(165.0) 

29ao 

108.9- 
122.0 
(115.6) 

1970 

1:^4  K- 
197.3 

1 31.0- 
436.0 

54.8- 
142.2 

93.7 

1971 

197.6 

76.7- 

227.9 
(160.1) 

102.5 

87.0- 
1141 

34.1- 
114.4 
(52.5) 

26.4 

1972 

16.3- 

102.0 
(52.7) 

913 

17.2 

19.0 

1973 

126.0 

32.1 

29.9- 

42.0 

87.2 

57.8- 

55.5 

110.1 

15.8 

45.1  64.9 


latkm  of  Ksidiie  levels  in  blubber  with  body 
size. 

Data  summarized  in  Fig.  I  show  con- 
clusively that  in  the  male  harbourporpoises  in 
these  waters  since  1969,  total  DDT  shows  a 
positive  correlation  with  age,  so  it  can  be  pre- 

sumed  that  whatever  the  seasonal  variation  in 
rates  of  uptake,  presumably  mostly  from  the 
major  food  items,  which  are  herring.  Clupea 
harengus  Linn.,  and  mackerel,  Scomber  scant' 
hrus  Linn.,  in  this  region  (Smith  and  Gaskin, 
1974),  there  continues  to  be  a  net  uptake  over 
an  extended  period  of  time. 


The  opposite  situation  oocmrs  in  the  fe- 
males, although  the  correlations  are  less  strik- 
ing  (Fig.  2).  There  is  a  clear  indication  that  a 
biologically  significant  negative  correlation  is 
present  between  total  DDT  residue  levels  and 
age  in  these  females  in  each  year  of  the  5-year 
period.  The  simplest  explanation  of  this  effect 
is  that  a  significant  fraction  of  the  DDT  tilre  in 
the  depot  fat  is  transferred  to  the  foetus  or  to 
the  calf  during  lactation.  The  erratic  nature  of 
residue  levels  in  the  older  females  probably 
relates  to  reproductive  history.  Some  females 
may  calve  almost  every  year,  since  we  have  a 
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FIG.  1.  -  Correlation  of  magnitude  of  DDT  residues  in  parts 

per  million  of  cxtractabic  fat  (Y)  with  age  (x)  in  male  harhmir 
porpoi'.fs  from  the  Bay  of  Fund\  approaches  during 
inclusive  lo  avoid  miilliplK  ilions  mviiUini:  zero 
during  the  statistical  analysis,  all  age  clas.ses  were  treated  as 
X  +  1  during  compulation,  thus  removing  year  class  0  one 
step  from  the  y  axis.  Fitted  equation;,  obtained  from  the  data 
were  as  follows: 

1969: y  -  187^1  +  19^3x (aOS-J>-a02) 
1970 :  y  -  202.04  +  l2J6x  (aiO-P-aOS) 

197 1  ;  V  -    m  +  3SJ3r(04)l-JMI.00l) 

1972  :  y  «  37.64  I8.60X  (0/>l-iM).OOI) 
1973 :  y  -    7.84  -I-  70j6Sx  (0.01-F-aOOI). 


high  incidence  of  simultaneously  pregnant 
and  lactating  spedmeos  in  our  samples,  yet 
other  females  manifesify  do  not.  Such  varia- 
tion in  reproduction  success  would  make  a  great 
difference  in  the  upiake-efflux  ratio  over  a 
5-year  period.  In  the  majority  of  cases,  there 
seems  to  be  unmistakably  a  net  loss  of  DDT 
with  time.  Studies  on  the  female  reproductive 
cycle  are  continuing;  it  is  presently  difficult  to 
distinguish  between  corpora  in  the  ovaries  re> 
presenting  ovulation  alone  and  those  repre- 
senting pregnancy,  and  our  preliminary  find- 


ings do  not  seem  to  agree  with  those  of  Fisher 
and  Harrison  (1970),  although  more  work  is 
needed. 

In  Figs.  3  and  4.  the  magnitude  of  resi- 
dues present  in  harbour  porpoise  blubber  are 
shown,  segregated  by  year  classes,  for  the 
S-year  period.  In  both  sexes,  it  would  seem 
very  clear  that  total  DDT  levels  arc  down  very 
markedly  by  the  end  of  the  period  from  the 
1969  levels.  Once  again,  the  situation  is  more 
clear-cut  in  the  males  than  in  the  females.  In 
the  case  of  females  ace  6-vcars  and  older,  no 
relationship  could  he  found;  this  may  result 
from  sample  heterogeneity  with  respect  to  re- 
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Fig.  2.     Correlation  of  magnitude  of  DD1  residue  in  parts 

Er  million  of  extfaciable  Tat  (Y)  with  age  (x)  in  female  har- 
ur  porpoises  ftoon  the  Bay  of  Fundv  approaches  during 
1969-1973.  inclusive.  Data  treated  as  indicated  in  Fig.  I.  Fitted 
equations  obtained  from  the  data  were  as  follows: 

1969  :  V  =  249.01     2 1  51x  (0  I  10) 

1970  :  v  =  2'?0  4n      IK  W\  (0.20- /'-O.  I  S  t 

but  1%')  •(-  I'^ii    \  =  l9.76x«XI0-P-0X>S) 

1971  :y=  IS9.25     19W\  {0.0\-F-0.mi) 
1972 :  y  -   74. 16  -  7,«.^x  (0. 1 5-/'-0. 10) 
1973 :y-  69.52  -  l.76x(0.20-/>-O.I5). 
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productive  histors  .  There  are.  of  course,  other 
possible  explanations,  but  the  above  seems 
most  probable.  Marginal  statistical  signific- 
ance in  a  number  of  cases  is  not  regarded  as 
important.  Sample  sizes  are  quite  small  in 
absolute  terms,  and  the  statistical  method  used 
is,  of  course,  very  sensitive  to  sample  size  and 
to  the  wide  range  of  individual  variation.  In 
some  cases,  the  low  level  of  statistical  signific- 
ance results  from  inclusion  of  one  specimen 
with  anomalously  high  levels  in  the  sample. 


FiO.  3.  -  Correlation  ormagnilude  of  DDT  residueB  in  nam 

per  million  or  extractable  fat  (y)  with  the  years 
inclusive  (data  collection  centred  on  August)  (x).  in  male 
harbour  p<irpoises  from  the  Bav  ofFundv  appmachcs:  siaiis- 
tical  cilculations  of  the  relationship  segregated  b\  year  tias>.cs 
0  to  8  +  .  Data  for  age  classes  2  and  3.  and  4  and  5  have 
been  pooled  because  of  limited  sample  sizes.  Sexual  maturilv 
is  attained  at  age  4  m  this  population.  Fitted  equations  obtai- 
ned from  the  data  for  the  respective  year  class  sets  were  as 
follows: 


0 

■  y 

224.58 

29  24x(0.15-/'-O.IO) 

1 

:  V 

290.96 

54Q5x(0.01-/'-O.OOI) 

2  +  3 

■  y 

454.24  - 

96  77x  (()(»l-/M).fX)l) 

4  +  5 

■  y 

350.00 

46.20x(/'  =  0.10) 

6 

:  V 

249,27  - 

34.l3x(OUl-/MU)01) 

7 

565.10  - 

l25.43x(0.01-/'-0.001) 

8  + 

-y 

531.15  - 

48.9Qx(0.O5-i>-aO2). 

•  a  t       "        1  •  I 


Flti.  4.  -  Correlation  of  magnitude  of  DDT  residues  m  puns 
per  million  of  extractable  fat  (y)  with  the  years  1969-1973. 
mdusivc  (data  collection  centred  on  August)  fx),  in  female 

harbour  pt^rpoises  from  the  Bav  ofFundv  approaches,  segre- 
gated bv  vear  classes  as  in  l  ij;.  3.  Data  for  scar  classes  0  +  I 
and  2  +  3  ptn>'ci.l  because  ol  small  sample  si/es  I'iited  equa- 
tions obtained  lri>iii  the  ilai.i  tnr  the  respective  vear  class  sets 
were  as  follows: 

0  +  I :  y  -  291.69  -  49.07x(0.01-/>-0.001) 
2  +  3 :  y  »  195.96  -  30.69x  (O.OS-P-0.02) 
4 :  y  -  205 JO  -  37.05x  (0.20-P-O.I5) 
5  :  y  =  110.99  -  I2.84x  (O.IO-/»-0.05) 
6  +  :  no  relationship  found. 

We  were  interested  to  see  if  animals 
taken  outside  the  Bay  of  Fundy  approaches 
differed  in  residue  magnitude  from  the  aver- 
age levels  found  within  the  main  collecting  re- 
gion. For  what  thev  are  worth,  considering  that 
only  single  specimens  were  obtained  in  most 
cases, '  the  results  are  as  follows: 

-  Prince  Fdward  Island  specimen  -  much 
higher  than  the  Bay  of  Fundy  average 
for  its  sex,  age  and  year. 


'  Basic  dau  for  these  specimens  are  given  in  the  foot- 
note to  Table  1.  141 
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—  Boothbay  Harbor  specimen  -  com- 
parable with  Bay  of  Fundy  levels. 

—  Allan  lie  coast  of  Nova  Scotia  specimens 

-  aU  comparable  with  Bay  of  Fundy 
levels  or  slightly  below  average  for  their 
sex,  age  and  years. 

—  Narragansetl  Bay  specimens  -  signifi- 
cantly lower  than  average  levels  tot 
comparable  Bay  of  Fundy  specimens. 

—  Southeastern  Newfoundland  specimen 

—  much  lower  than  a  comparable  Bay  of 
Fundy  specunen. 

—  St  Mary's  Bay,  Nova  Scotia,  specimen  - 
very  low  levels  compared  with  equiva- 
lent sex  and  age  class  specimens  in  Bay 
of  Fundy. 

The  latter  result  was  perhaps  initially  the 
most  surprising,  since  St.  Manx's  Bay  is  so  clo- 
sely adjacent  to  the  Bay  of  Fundy  approaches. 
The  functional  ovary,  however,  was  quite 
heavily  scarred  indicating  an  extensive  breed- 
ing histor\';  furthermore,  it  would  appear  that 
the  major  item  of  diet  of  the  few  harbour  pro- 
poises  occurring  in  the  shallow  sandy  bay  is 
not  herring  but  eel  pout,  Macrozoarces  ameri- 
catms  (Bloch  &  Schneider),  (Smith  and  Gaskin, 
1974),  so  a  dietary  difference  may  also  be 
involved. 

Relatively  high  levels  in  the  Bay  of 
Fundy  compared  with  Newfoundland  and  the 
coast  of  Rhode  Island  may  reflect  a  number  of 
factors.  The  mixing,  tidal  flow  and  upwelling 
in  the  mouth  of  the  Bay  of  Fundy  probably 
contributed  to  a  significant  mixing  back  into 
the  water  body  of  residues  which  might  in 
other  regions  stay  in  the  bottom  sediments. 
The  nature  of  the  Gulf  of  Maine  and  Bay  of 
Fundy  currents  and  their  hmited  relationship 
with  the  main  North  Atlantic  drift  waters  may 
retard  passage  of  the  DDT  residues  into  the 
open  Atlantic  to  some  extent  Relatively  cold 


water  temperatures  in  the  region  compared 
with  those  further  offshore  may  result  in  slo- 
wer bacterial  action  to  break  down  residues. 
Finally,  since  the  forests  of  New  Brunswick 
have  been  more  heavilv  treated  with  DDT 
than  most  other  parts  of  eastern  North  Ame- 
rica, and  the  major  rivers  of  that  province 
empty  into  either  the  Bay  of  Fundy  or  the 
waters  adjacent  to  Prince  Edward  Island,  it  is 
no  surprise  that  the  highest  residues  were 
found  in  the  specimens  from  these  areas. 
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RADIO  TRACKING  DUSKY  PORPOISES  IN  THE  SOUTH  ATLANTIC 


B.  WORSIG 


Absiraet 

In  Golfo  San  Jose  in  southern  Argentina,  dusky  porpoises  (Lagenorh^nchus  obscurus) 
were  found  to  live  in  groups  of  6- IS  animals.  Larger  groups  form  to  foed  and,  afterwards,  to 
copulate  and  "plav".  Bcluocn  December  1971  ;ind  M>i\  1975.  radin  lacs  were  placed  on  10 
porpoises  and  they  were  tracked  from  a  boat  and  tYum  land.  The  location  of  the  tagged 
animals  was  estimated  from  the  strength  of  the  signal  by  triangulation  using  2  receivers  and 
by  homing  and  rcsighting:  the  latter  2  methods  were  the  most  accurate.  Three  animals  were 
never  resighted.  Four  were  relighted  with  one  or  more  of  the  same  animals  present  when  they 
had  been  captured  for  tagging,  showing  that  there  is  group  cxihcsion  for  at  least  several  days. 
Four  animals  left  GoMo  San  Jose  after  being  tagged.  Porpoises  tracked  within  20  km  of  its 
mouth  travelled  with  the  tidal  current  while  those  mere  ihan  20  km  away  from  it  did  not  seem 
to  be  alTcctcd  by  the  direction  of  the  tide.  The  "mininium  mean  speed'*  o\'l  porpoLses  wa<>  2.28 
km/h  and  3. 18  km/h.  and  both  moved  faster  near  the  mouth  of  the  bay  than  away  from  it.  The 
minimum  mean  distance  travclloil  daily  for  all  p<irpoiscs  was  19.2  km,  lhoui?h  il  was  much 
smaller,  0.7  km,  for  the  one  animal  studied  in  wintertime.  The  movemcnLs  of  this  animal  were 
slow  and  near  the  shore.  Animals  studied  in  the  summer  moved  faster,  further  from  shore  and 
over  a  larger  area  Dives  in  the  summer,  despite  dilTerences  hetween  porpoises.  usualK  lasted 
longer  during  the  day  than  at  night.  Long  dives  were  generally  most  frequent  at  dusk.  The 
animal  studied  in  the  winter  usually  had  briefer  dives  during  the  day  than  at  night. 

On  a  observe  que  les  dauphins  Lagenorhynchus  obscurus  du  golfe  de  San  Josi,  dans  le 
sud  de  I'Argentine,  vivaient  en  groupcs  de  6  a  15  animaux.  Des  groupes  plus  importants  se 
formaient  pour  s'aUmcnter  et,  ensuile.  pour  s'accouplcr  ct  "jouer".  De  d<iccmhrc  1973  ^  mai 
l97S,desplaquettes  radio  ont^td  placees  sur  10  dauphins  et  suivies  depuis  un  bateau  et  depuis 
la  terre  L'emplaccment  des  animaux  bagucs  etail  csiime  d'apres  la  force  du  siiinal.  par 
triangulation  avec  deux  recepteurs.  et  par  radio-guidage  et  nouvcau  reperage  vlsucI;  ces  deux 
demiires  m^odes  se  sont  rivilies  les  plus  prteises.  Trois  animaux  n'ont  jamais  ii6  observes 
de  nouvcau.  Quatre  ont  dtiJ  repdrds  de  nouvcau  avec  un  (ou  plusieurs)  dc^  animaux  qui 
se  irouvaient  presents  lors  de  la  capture  aux  tins  de  baguage,  ce  qui  montrc  qu'il  existe  une 
cohesion  du  groupe  durant  au  moms  plusieurs  joun.  Quatre  animaux  ont  quitti  le  golfe  de  San 
.lose  apr^s  avoir  etc  hapues  I  es  dauphins  suivis  el  reperes  ju'>qu'a  20  km  de  .son  ouverture  se 
d^pla^aient  avec  la  marce,  alors  que  ceux  qui  ^taient  eloignes  de  plus  de  20  km  nc  scmblaicnt  pas 
Ctne  afTectis  par  la  direction  de  la  mar6e.  La  "vitesse  moyenne  minimum**  de  2  dauphins  ^it  de 
2,28  km/h  et  3,18  km/h  et  tous  deux  se  deplacaient  plus  vitc  pres  de  rouverlure  de  la  haie  que 
loin  dc  ceUe-d.  La  distance  moyenne  minimum  parcuurue  chaquejour  par  tous  les  dauphins 
ilaitde  19^kin,lHenqn'dleait«t6lrtsinftrieuiie  -0,7km  -  dans lecasduseul animal  itudii  145 
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cn  hivcr  \ xs  mouvcmenl'N  dc  cet  anima!  6taient  lents  et  il  se  tcnait  pr6s  du  rivage.  I.cs  animaux 
etudies  cn  et^  bougeaicnt  plus  vitc.  sc  trouvaient  plus  loin  du  rivagc  ct  uccupaicnl  unc  plus 
grande  suiface.  Les  plongdes,  malgri  les  diffSrenoes  entre  ks  ■nimaux,  dnraient  gdndralement 
plus  longtcmps  Ic  jour  que  la  nuil.  en  M.  Les  bngues  pkHIg^  t'laicnt  gdiK^ralcmcnt  plus 
ir^quentcs  au  crdpuscule.  Les  animaux  itudi^  en  hivcr  plongieaient  babituellement  moms 
knigtemps  le  jour  que  la  mat. 

Examm 

En  el  golfo  de  San  Jos^.  en  la  onta  meridional  de  Argentina,  ae  han  eaoootnulodelfbieB 

oscuros  ( Lagenorhvnchus  obscurvs)  en  gruptw  dc  6  a  15  animales.  que  sc  rciinen  a  voces  cn 
grupos  mayores  para  alimentarsc  y,  mas  larde.  para  copulary  "jugar".  Enire  dicicmbrc  de  1973 
y  mayo  de  I97S  se  colocaron  marcas  radioelectncas  en  10  delfmes,  siguiendo  lu^o  su  rastro 
dcsdc  una  cmhaaacion  o  dcsdc  ticrra.  lil  lugar  dundc  se  cncontraban  \os  animales  marcados  sc 
estimo  a  partir  de  la  po(enaa  dc  lu  sciial.  mcdiantc  triangulacion  con  dos  receptores,  y  por  ei 
sistema  de  retomo  y  icaviitamiento.  Los  dos  ultimos  m^todos  rendtaron  los  mis  precooi.  IVes 
dc  los  animales  no  sc  reavistaron  nunca  Cuatrt^  se  avistaron  dc  noevoencompaf^ia  de  und  o  mds 
de  los  anunalcs  que  lus  acompanaban  cuando  habian  sido  captUfados  y  marcados,  lo  que 
muestiB  que  existe  derta  cohesi6n  cntre  Im  grvpos,  al  menos  durante  varioi  dias.  Cuatro 
animates  abandonan>n  cl  I'dilo  de  San  Jos<^  dcspuds  dc  habcr  sido  marcados  Los  delfmes  a  los 
que  fue  posible  seguir  dentro  de  un  radio  de  20  km  de  la  boca  del  golfo  se  desplazaban  con  las 
oorrientes  de  la  marea,  mienim  los  que  se  siguieron  hasta  mis  alU  de  20  Ion  de  b  boa 
no  parccian  estar  afcctados  por  la  dircccion  dc  la  marea.  l  a  "velocidad  minima  media"  tie  dos 
delfmes  resulto  de  2,28  km/bora  y  3,18  km/hora,  y  ambos  se  desplazaban  con  mayor  rapidez  en 
las  proxhnidades  de  la  boca  de  la  babia  que  fiiera  de  dia.  Ui  distancta  media  mii^ 
diariamente  por  lodos  los  delfmes  fuc  dc  19.2  km.  aunquc  cn  cl  cas<i  del  iinico  animal  que  se 
cstudi6  durante  el  inviemo  result6  mucho  menor:  0,7  km.  Los  movimienios  de  este  animal  eran 
kntos  y  sc  despla/iiba  ceita  de  tierra.  Los  anhnales  estudndos  durante  el  verano  se  desplazaban 

con  mayor  rapidey..  mas  alejados  de  la  costa  y  dentro  de  una  superficie  mds  vasla.  En  el  verano. 

las  inmeisipnes,  a  pcsar  de  las  diferendas  de  un  animal  a  otro,  lesultaion  de  ordi^^ 
durante  d  dia  que  durante  la  nocbe.  Las  iamcirioaes  faunas  Aieroii  en  fenend  mit  firecuenm  al 
oscurecer.  El  animal  estudiado  durante  d  inviemo  i«aliz6  de  ofdinaik)  nunefaoines  mis  breves 
durante  d  dia  que  durante  la  nocfae. 
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IntrodHcdon 


Our  knowledge  of  porpoise  social  beha- 
viour in  wild  populations  is  ver\'  limited  In 
large  part,  this  is  because  it  is  hard  to  murk  and 
reobgnize  individual  animals  and  thus  learn 
much  about  the  behaviour  of  known  indivi- 
duals under  natural  conditions.  As  a  result, 
movement  data  on  most  species  of  porpoises 
has,  in  the  past,  relied  mainly  on  visual  aght- 
ings  of  only  a  few  marked  individuals.  Because 
it  is  difficult  to  recognize  and  follow  such 
marked  animals,  the  amount  of  information 
gained  from  these  studies  has  been  small.  Re- 
cently, however,  experimental  use  of  radio 
beacons  has  yielded  promising  results.  Evans 
(1971,  1974)  was  able  to  track  Delphinus  del- 
phis  off  Southern  California  and  nas  related 
the  animals*  movements  to  the  presence  of 
deep  water  escarpments  and  sea  mounts.  He 
also  found  a  dmrnai  variation  in  their  dive 
patterns.  Gaskin,  Smith  and  Watson  (1975) 
successfully  tracked  3  Phocoena  in  the  Bay  of 
Fundy.  and  B.  Irvine  (personal  communica- 
tion) is  utilizing  radio  U-ansmitters  to  study 
herd  movement  and  social  oi^^^nization  of 
Tursiops  in  and  around  the  Florida  Intracoa- 
stal  Waterwav. 

This  use  of  radio  tags  should,  for  the  first 
time,  make  it  possible  to  radio  tag  an  indivi- 
dual animal  and  follow  it  for  extended  periods. 
In  addition,  by  tagging  or  recording  natural 
markings  of  the  radioed  animaPs  companions, 
it  would  be  possible  to  learn  something  of  the 
composition  and  stability  of  porpoise  groups 
-  an  obvious  first  step  in  understanding  their 
social  behaviour.  Mv  wife  and  1  undertook  to 
do  this  with  a  group  ol  porpoises  in  a  protected 
South  Atlantic  bay. 

Using  existing  radio  beacons  and  re- 
ceiving systems  (Martin,  Evans  and  Bowers, 
1971),  we  began  a  study  of  dusky  porpoises 
(Lagenorhynchus  obscun4s)  in  Golfo  San  Jos6, 
southern  Argentina  (42  '4()'S  l  at.).  in  late  1973. 
Most  important  in  selecting  a  study  site  was 
the  absence  of  shipping,  pleasure  boating  and 


other  man-made  disturbances  which  haunt  the 
student  of  natural  behaviour  in  the  more  pop- 
ulous North.  Dusky  porpoises,  as  we  found 
from  earlier  studies,  are  present  m  the  bay 
throughout  the  year  and  it  is  probably  true  for 
part  at  least  of  their  population,  that  Ihcv  do 
not  migrate.  The  porpoises  usually  travel  in 
small  groups  of  6-1 S  individuals.  These  groups 
band  together  into  as  many  as  300  animals 
during  feeding  and  its  attendant  after-feeding 
copulation  and  "play '  behaviour  (seen  as  a 
profusion  of  in-air  acrobatics). 

The  main  diet  of  Lagenorhynchus  obscu- 
appears  to  consist  of  the  anchovy  Engraulis 
anchoita  (Wiirsig  and  Wiirsig,  submitted  fur 
publication),  abundant  in  the  area  during  most 
of  die  year  (Bosch i  and  Fenucci,  1972).  The 
porpoises  herd  schools  of  these  fish  into  a  tight 
mass  against  the  surface  of  the  water  and  then 
feed  on  them  from  below  while  gulls,  terns, 
albatross,  petrels  and  cormorants  take  advan- 
tage of  the  situation  from  above.  After  the 
porpoises  have  fed  they  are  not  afraid  of  boats 
or  clivers  and  will  readily  ride  the  bow  and 
sicyn  wave  of  a  motorboat.  This  behaviour  al- 
lowed the  capture  and  tagging  of  particular 
individuals  at  that  time. 


Materials  and  methods 


Radio  transmitters  consisted  of  a  35  cm 
long  aluminium  tube  and  a  60  cm  whip 
antenna  covered  with  insulation  except  at  the 

tip.  When  salt  water  connected  the  antenna  tip 
and  beacon  tube  the  radio  would  not  transmit, 
and  thus  was  operating  only  when  the  porpoi- 
ses were  at  the  surface.  Tne  transnmier  was 
connected  to  a  fibreglass  saddle,  brightly 
painted  for  easy  identification,  which  was 
padded  inside  with  open-cell  foam  and  de- 
signed to  fit  over  the  dorsal  tin  (unit  manu- 
factured by  Ocean  .Applied  Research  Corp., 
San  Diego,  California,  Model  PT-219).  Trans- 
mitters emitted  a  20  m/sec  pulse  every  0.6  to  147 
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1 .25  sec  on  crystal-conlrolled  channels  ranging 
from  27.265  to  27.355  MHz,  with  a  power 
output  of  0.5  watt.  Three  lithium  batteries 
(Power  Conversion,  Inc..  Westchester.  NY) 
provided  enough  power  for  approximately  3 
days  of  continuous  operatkm,  up  to  15  days 
mounted  on  a  pmpoise.  Two  quarter-wave 
adcock  antennas  were  used  for  reception  from 
home  base  and  mobile  land  tracking,  and  a 
1/16  wave  closed  loop  antenna  with  Iniilt-in 
preamplifier  was  used  for  tracking  from  the 
boat.  Two  receivers  (Model  ADFS-210.  receiv- 
ers and  antennas  by  Ocean  Applied  Re- 
search) displayed  the  bearing  of  the  porpoise 
on  a  cathode  ray  tube  (CRT).  The  approxi- 
mate distance  of  the  transmitter  could  be  esti- 
mated from  the  amplitude  of  the  auditory  sig- 
nal and  from  the  display  on  the  CRT.  At  close 
range  (IS  km  or  less)  the  signal  strength  meter 
on  the  receiver  was  useful.  Triangulation, 
using  2  receivers,  or  actual  resighting  of  the 
porpoise  by  homing  ui  on  the  transmitter  gave 
more  accurate  positions  than  gauging  distance 
from  the  receiver  bv  the  use  of  signal  strength. 
The  home  base  antenna  was  17  m  above  Mean 
Low  Water  Level,  the  mobile  land  antenna 
was  1 .5  m  above  land,  and  the  boat  antenna 
was  3  m  above  water  surface.  The  useful  range 
of  the  system  was  approximately  50  km. 
The  open  loop  adoock  antenna  had  an  error 
of  ±  5". 

Between  24  December  1973  and  15  May 
1975,  10  dusky  porpoises  were  captured  while 
they  were  riding  the  bow  pressure  wave  of  a  3.5 
m  (Avon)  or  4.5  m  (Zodiak)  rubber  boat 
(Table  I ).  The  animals  were  grasped  in  front  of 
the  tail  with  a  device  known  as  a  tail  grab, 
home-made  from  a  design  by  Roger  Payne.  It 
was  powered  bv  a  motorcycle  spring  and 
ampK  padded  with  neoprene  rubber.  When 
the  grab  fired,  the  1  m  long  handle  fell  away 
and  the  animal  was  pulled  m  on  the  end  of  a  1 5 
m  long  rubber  cord.  Once  in  the  boat,  the 
porpoise  was  sized  and  sexed  and  when  poss- 
ible photographed.  The  bottom  of  the  boat 
was  outfitted  with  a  1 0  cm  thidc  foam  mattress, 
and  the  animal  was  kept  cool  by  continuous 
sprinkling  with  sea  water.  A  0.4  cm  diameter 


hole  was  bored  through  the  dorsal  fin  with  a 
cork  corer,  and  the  hole  was  heat-cauterized 
with  a  specialtipped  soldering  gun  (Model 
Quick-Shot.  Kemode  Co,.  Westburv.  N  Y  ). 
The  radio  saddle  was  mounted  on  the  dorsal 
fin  and  connected  with  a  bolt  designed  to  cor- 
rode in  approximatefy  9  months.  Porpoises 
were  out  of  the  water  an  average  of  10  mmutes 
(6-16  minutes). 

After  release,  the  radio  signal  from  the 
porpoise  was  tape-recorded  continuously  for 
the  first  24-48  h  (Sony  TC^8()0B  rcel-K^-reel 
recorder  at  2.4  cm/sec).  After  that  initial  pe- 
riod, the  signal  was  sampled  by  recording  a 
half-hour  period  every  4  h.  These  sample  re- 
cordings were  made  at  00.15-00.45.  04.15- 
04.45,  08.15-08.45,  12.15-12.45,  16.15-16.45. 
and  20.15-20.45  Argentine  Local  Time  (add 
3  h  for  GMT  or  Coord  i  n  i  ted  Universal  Time). 
Boat  trips  to  approach  the  tagged  porpoise 
were  made  whenever  weather  permitted, 
using  a  different  motor  than  when  tlie  animal 
was  captured  to  try  to  minimize  any  possihk 
flight  reaction  When  the  weather  was  bad.  at- 
tempts were  made  lo  triangulate  the  porpoise  s 
position  by  using  2  recehwrs  on  land. 

During  boat  trips  to  the  tagged  porpoise 
wc  tried  to  identify  other  animals  nearbv  To 
aid  in  identification  we  marked  some  of  them 
with  spaghetti  tags  when  possible.  The  spa- 
ghetti tags  consisted  of  40  cm  long  brightly  col- 
oured plastic  streamers  coded  in  3  colours  per 
lag.  I  hey  were  thin  (0.5  cm  diam.)  and  tlexible 
and  their  3  cm  stainless  steel  tip  was  lanced 
into  the  thick  blubber  beside  the  dorsal  fin 
while  (ho  animals  rode  the  pressure  wave. 
Unfortunately,  it  was  tound  that  such  tags  are 
usually  rejected  by  the  tissue  after  only  a  mat- 
ter of  month.s,  Icavins  a  round,  white  scar 

V- 

under  the  dorsal  fin  (Irvine,  personal  commu- 
nication and  personal  observation).  During 
the  2  year  stay  in  Oolfo  San  Jos6  we  found 
many  such  scarred  individuals  which  had  ap- 
parently been  tagged  several  months  pre- 
viously. Because  the  tags  appeared  to  hold  for 
the  relatively  Ivief  periods  of  radio  tracking, 
however,  they  proved  useful  for  short-term 
study. 
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Results 


Capture 

None  ol  ihe  porpoises  appeared  greatly 
traumatized  by  the  catching  and  tagging  pro- 
cedure, breathing  only  slightly  faster  in  the 
boat  (mean  breath  I  per  18  sec)  than  while  in 
the  water  (mean  breath  1  per  23  ±  2  sec,  from 
stopwatch  timing  of  free-swimming  individ- 
uals). Except  for  an  occasional  taU  lash  or 
backward  body  arch,  they  did  not  move.  When 
the  dorsal  fin  was  pierced  and  cauterized,  a 
slight  jerk  of  the  body  was  observed  in  approx- 
imately half  of  the  animals:  the  others  did  not 
react.  Although  7  animals  hied  when  their 
dorsal  fin  was  pierced,  cauterizing  stopped 
bleeding  in  all  but  I  instance.  In  that  case 
(porpoise  G),  insertion  of  the  tightfitting  sad- 
dle bolt  into  the  dorsal  fin  stopped  bleeding. 
Only  once  (porpoise  B)  during  capture  did 
other  animals  appear  to  be  alarmed.  Groups 
that  had  approached  the  boat  before  capture 
generally  milled  near  the  boat  for  approxima- 
tely 5  minutes  af  ter  the  motor  was  stopped  and 
the  captured  animal  pulled  aboard.  This  be- 
haviour was  indistinguishable  ftom  that  ob- 
served during  the  many  times  we  slopped  the 


motor  without  having  caught  a  porpoise.  On 
the  other  hand,  groups  which  we  had  to  ap- 
|MXHidi  and  which  did  not  ride  the  bow  wave 
very  well  (i.e.,  which  rode  about  1  m  bdow  the 
surface  instead  of  higher  up)  disappeared  al- 
most immediately  when  the  motor  stopped, 
whether  or  not  we  had  captured  a  porpoise 
from  the  group.  Porpoise  B  and  its  group  re- 
presented an  exception  to  the  above  general 
behaviour,  and  will  be  discussed  later. 


Tracks  and  oroijp  cohesion 

Table  1  summarizes  the  length  of  radio 
contact  with  all  porp<Mses  captured.  Porpoises 

\,  E  and  C  were  never  resighted  after  release. 
They  were  tracked  from  shore  at  Punta  Te- 
huelche  and  home  base.  Their  movements  are 
shown  in  Figs.  1  and  2.  Porpoises  A  and  E  were 
lagged  on  tnc  same  day  in  groups  separated 
Irom  each  other  by  only  2  km.  They  travelled 
widely  different  routes  within  the  bay  and  left 
it  on  the  same  day  3  days  after  capture.  Por- 
poise C  stayed  close  to  shore  and  near  its 
tagging  location  for  the  6.5  days  of  radio  con- 
tact. 

The  7  remaining  porpoises  were  all  re- 
sighted  after  tagging.  Porpoises  I  and  J  left  the 


TaUe  1.  LafMMlifmelm  otaamu  nMo4aggei  between  December  1973  and  May  I97S 

J.  Length  Dates  of  Radio  Number  of  Days      Mean  Dive  Time       Reasun  for  Loss 

iNamc      acx  Contact  of  Radio  Contact  (sec)  of  Contact 


A 

M 

170  ±3 

Dec  25  •  Dec.  27  1973 

2.5 

leaves  the  bay 

E 

F 

I6S±3 

Dec  24 -Dec.  27  1973 

2.5 

22.0 

leaves  the  bay 

C 

M 

171 

Jul.  31 -Aug.  6  1974 

6.5 

169 

transmiller  failure? 

I 

M 

175 

Nov.  30 -Dec  14  1974 

15.0 

17.4 

batteries  used  up 

o 

F 

161 

Jan.  3 -Jan.  16  1975 

13J 

13.8 

batteries  used  up 

B 

M 

165 

Jan.  19 -Jan.  20  1975 

1.0 

34^ 

leaves  the  bay 

H 

F 

173 

Jan.  26 -Jan  28  1975 

2.5 

28.2 

leaves  the  h;i\ 

F 

M 

160 

Apr.  15 -Apr.  17  1975 

2.5 

20.5 

transmitter  failure? 

J 

F 

173 

Apr.  19 -May  4  1975 

15.0 

19.2 

bMieries  used  up 

A' 

F 

157 

May  10 -May  IS  1975 

5X> 

12.4 

transmitter  ftUoie? 

Total 

66.0 

Mean 

21.0 

  149 

uopyiiyhica  inaieiial 
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FIC.  1.  -  Radu>tracks 
oT  two  chidcy  poqxiLses, 
1973. 


(30-50 
."  km  from 
•  Punto 
;  Nortft 


Flo.  2.  -  Radiolracks 
of  four  dusky  porpoises, 
1974-1973. 
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bay  and  were  tracked  cast  of  Golfo  San  Jose  to 
as  far  as  Punta  Norte  (Figs.  2  and  3).  Both 
came  back  into  the  bay  after  1  week  (I)  and  1 1 
days  (J).  Porpoise  J  stayed  in  the  bay  for  3 
more  davs  and  then  left  once  again,  once  more 
to  head  east  in  the  ocean. 

Porpoises  G,  B,  J  and  A' were  each  re- 
sighted  at  least  once  with  other  identiflable 
individuals  (Table  2).  G  and  A' moved  nor- 
mally while  in  their  groups  but  their  transmit- 
ters became  fouled  with  kelp  after  several  days 
and  both  were  slowed  down  appreciably. 

Porpoise  B  was  captured  in  a  jjmup  of 
only  5  others  (3  of  which  were  identilied  by 
natural  marics).  The  group  swam  rapidly  away 
from  the  boat  and  toward  the  middle  of  the 
bay  as  B  was  being  hauled  aboard.  A  large 
group  of  about  30  porpoises  milled  300  m 
shofeward  of  the  boat  and  did  not  appear  to 
alter  its  behaviour  during  and  after  capture. 
When  porpoise  R  wa'^  released,  it  swam  ra- 
pidly in  the  direction  m  which  its  5  compa- 
nions had  gone,  not  toward  the  much  doser 


group  near  the  boat.  Wc  approached  B  that 
same  afternoon  and  discovered  it  with  its  ori- 
ginal group.  18  km  from  the  capture  site.  The 
entire  group  remained  close  together  (within 
approximately  12  m).  The  group  avoided  the 
boat  by  dodging  to  the  left  or  right  of  it  as  we 
approached,  and  headed  rapidly  toward  the 
mouth  of  the  bay.  This  behaviour  represented 
th  only  time  that  capture  had  clearly  frighten- 
ed the  rest  of  the  group. 

Movement  analysis 

The  speed  with  which  porpoises  A  and  E 
moved  was  calculated  from  successive  posi- 
tions triangulated  at  1-3  h  inter\als.  These 
successive  positions  were  only  a  minimum 
measure  of  the  distance  swum,  so  the  mean  of 
these  speeds  I  have  called  the  "minimum 
mean  speed".  For  porpoise  A  this  speed  was 
2.28  km/h  (35  observations).  The  minimum 
speed  of  porpoise  E,  tabulated  as  above,  151 
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B^^i..       DittCaptuied  Dales  Rcsighicd  Other  Animab  r^mni^m. 

^'P*"**         Onmplize  Group  ^  Reoognized  Commenu 


Dec.  24,  1973 


Dec.  24.  1973 
8-12 


Tnangulation  and  dive  lime  oh- 
ser\-alions  only.  Moves  in  easicrn 

Eartorbay  for  2.5  days,  then  leaves 
ay. 

Tnangulation  and  dive  lime  ob- 
servations onK.  Moves  (hrou^houl 
bav  (or  2,5  d;i\s.  then  leave>>  ha\ , 


Jul  31.  1974 
6-8 


Nov.  30,  1974 
10 


Jan,  i,  1975 
40   feeding  8-10 
siajnng  with  boat 
during  put  of  Gipt- 
oie. 


Aug.  1  and  2,  1974. 

Near  a  gri>up  of  250. 
Boat  gels  verj  close  but 
iM>ie«gtaiing. 


Dec.  13.  1974.  Alone 
and  I  km  from  nearest 
group  of  10. 


Slays  within  10  km  of  shore,  near 
capture  sight,  for  63  days. 


Travels  out  of  bay  and  back  into  il. 
Only  6  km  from  capture  sight  when 
signal  lost. 

Moving  slowly. 


Moves  throughout  Colfo  San  Jos^ 
during  the  IS  days  of  radio  contact. 


Jan  3.  1975  (4  hrs.  after 

cap(urc)  K-IO 
Jan,  4.  1975  alone  but 
8-10  0.3  to  1.0  km  dis- 
tant. 

Jan.8.197S8-IO. 


Jan.  10, 197S  near,  and 
after  one  hour  with. 
100. 

Jan.  IS.  1975  alone,  too 
I  to  2  km  disunt. 


2  spaghelli  lags  placed  in 

this  group  of  8- 10, 

In  8-10  group  near  G  ai 

least  one.  possibly  both. 

tags  of  Jan.  3. 

2  spaghetti  lags  of  Jan.  3. 


At  least  one  lag  of  Jan.  3. 
possibly  both. 


Movins:  \vell  vmiIi  oiiu-rs  ,iiul  feci,!- 
ing  .Apparent  i.<ipulalion  b\  G  and 
.1  lart'or  adult  seen  2X  in  one  hour. 
Moving  slowly.  Bothered  bv  radio, 
Group  of  8-10  nearby  not  feeding. 

Moving  well  with  others  while 

IVeJini!  hut  slighiix  slow  and  lag- 
jjing  behind  when  not  lecding.  30 
cm  of  kelp  fouled  on  the  radip. 

Kelp  and  the  radio  apparently 
slowing  G  down. 

Kelp  slowing  G  down  unlil  we  are 
able  to  free  porpoise  of  it  then 
moving  more  normally  but  still  a 

bit  slowlv. 


B 


Jan.  19.  1975 
6 


Jan.  19.  1975  (8  his. 
after  capture)  6 


One  calf,  one  light  sub- 
adult,  one  widi  fin  nick. 

One  calf,  one  light  sub- 
adult,  one  with  fin  nick. 


Moving  normally  with  iu  group. 
Leaves  bay  night  of  Jan.  19-20. 
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Table  2.   LttgeiiorkyHdau  ohsxiuus  radio-tracking  suininar}'  (concludeJ) 


Pbrpoife       ^  ^^"PS^?*  Dates  Resijhied  Other  Animate  Coromentt 

GRWp  Size  Group  Size  Recognized  wimi«™i. 


H          Jan.  26.  1975 
30-40 


Apr.  IS.  I97S 
12-15 


J  Apr.  19,  1975 

175-200  feeding 


A'        Mav  10,  1975 
IS 


Jan.  26,  1975  (  4  hrs 
after  capture)  .ilonc. 
but  with  at  least  3 
KrouDsor6-l5  0.5  (o  2 
Em  instant 

Apr.  16. 1975  IMS 


For  3  hrs.  immcdiaicU 
after  release,  witiiin 
group  of  17S-200. 

Apr.  27.  1975  alone, 
near  15  groups  of  6-lS 
each.  0.5  lo  S  km  dis- 
tant. 


May  II,  I97SI5 


May  12. 1975  15 


May  13.  1975  alone, 

other  groups  ne;irbv 
May  14.  1975  alone. 
Other  groups  nearby. 


One  partial  albino 


One  partial  albino  in  one 
of  the  groups. 


One  with  while  spot  on 
dorsal  fin,  one  adult  with 
calf. 

One  with  white  spot  on 
dorsal  Hn.  one  adult  with 
calf. 

One  with  while  spot  on 
dorsal  Tin.  one  adult  with 
calf. 


Moving  slowly.  apparenil>  ham- 
pered by  radio.  Leaves  bay  Jan.  28. 


Moving  normally.  Appeals  un- 
bothcrcd  by  radio.  Group  has 

been  reeding. 

Moving  normally  with  others. 
Feeding. 


Moving  well.  Not  feeding. 


Moving  normally.  Feeding. 


Moving  normally.  Feeding. 


Moving  slowK.  Kelp  fouled  on 
radio. 


showed  an  overall  mean  of  3. 18  km/h  (40  ob- 
servations). Travel  time  ol  both  porpoises  was 
significantly  Taster  near  the  mouth  of  Golfo 
San  .lose  than  it  was  over  20  km  from  the 
mouth  (see  Table  3).  Because  the  other  8  por- 
poises were  not  triangulated  as  firequently, 
speed  data  for  them  would  be  even  less  accu- 
rate and  was  not  calculated.  However,  the  data 
make  it  obvious  that  strong  tidal  currents  near 
the  mouth  influenced  the  movements  of  all 
porpoises  studied. 

To  examine  how  the  movements  of  por- 
poises relate  to  tidal  currents,  1  looked  at  each 


occasion  when  a  porpoise  moved  5  km  or  more 
in  any  4  h  period.  Each  such  movement  was 
put  into  1  of  2  groups  depending  on  whether  it 
was  clo.ser  to  or  further  away  than  20  km  from 
the  mouth  of  the  bay.  Comparison  of  the  di- 
rection of  movement  with  the  direction  of  tidal 
currents  gave  the  results  shown  m  Table  4. 
Movements  not  obviously  going  toward  or 
against  the  direction  of  tidal  flow  and  move- 
ments bridging  tidecihangeswefe  excluded.  The 
results  show  that  porpoises  near  the  mouth 
travelled  with  the  current  at  almost  all  times,  I 
animal  (J )  swimming  against  the  currents  only    1 53 
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3.  Mhdnm  nan  wfttk  Iwwled  bgr  poqMlMS  A  ani  E 

PoqwiK  >  20  km  lh>m  Mouth  <  20  km  from  Mouth  Overall 


#1  «K2 

1.85  km/hr  16.85  kin/hr  2.28  km'hr 

(S>D.  =  1.128  km/hr)  (one  sample) 

n  =  34  n  =  35 

2.04  km/hr  4.32  km/hr  3.18  km/hr 
(S.D.  =  1  366  km/hr)                     (S.D.  =  I  236  km/hr) 

n-20  n  =  20  n  =  40 


SigniTicance  between  #  I  and  #  2,  p  <  0.001.  Sludenl^s  t-test 
SigniTicance  between  #  3  and  #  4,  p  <  0.001,  Student's  t-test 


once.  Travel  direction  of  porpoises  farther 
than  20  km  from  the  mouth  did  not  appear  to 
be  anectcd  bv  tidal  currents  (  lablc  4:  tidal 
currents  of  Golfo  San  Jose  are  in  Figure  4). 

The  daily  mean  of  minimum  travel  for 
all  porpoises  (as  calculated  from  straight  line 
distances  between  known  points)  was  19.2  km 
(S.D.  =  1.79  km).  Porpoise  C,  the  only  animal 
Studied  in  winter,  demted  sharply  nom  this 
f^ure,  with  a  mean  of  only  0.7  km/day.  The 
difference  between  amount  of  movement  of  C 


and  that  of  the  9  other  porpoises  is  significant 
(t-test,  p  >  0.01). 


Dive  time  analysis 

Porpoises  differed  widelv  in  duration  of 
dives  (see  Table  1  lor  means).  Nevertheless, 
despite  the  great  individual  variation,  a  clear 
day-night  pattern  emerged  that  was  consistent 
for  ammals  radiotracked  in  summer  and  fall 


Table  4.  Nnnbcr  of  times  pmpolact  moved  5  km  or  moie  willi  or  against  tiie  in  a  4-hoiir  period 


<  20  km  from  Mouth  >  20  km  from  Mouth 

Porpoise 

With  Current  Against  Current  With  Current  Against  Current 


E  7  times  0  4  times  I  time 

1  2  0  2  0 

G  9  0  2  3 

B  1  0  0  0 

HI  0  0  0 

J  2  MO  3 


Total  22  I  8  7 


DilTcrcncc  in  minemcnts  with  or  .It.'. linsi  currents  No  difference  in  movement  with  OT  against 

signifKanl  (p  <  0.001.  testing  C4ualil)  ofpercen-  currents. 

tages). 
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(adequate  data  for  breakdown  into  sessions  of 
dav  were  not  available  for  porpoises  A,  E,  B, 
and  H.  however).  Nighttime  (2015-2045, 
0015-0045.  0415-0445)  was  characterized  by 
short  dives,  and  daytime  by  long  dives.  Por- 
poise C,  the  only  animal  to  be  tracked  in  win- 
ter, showed  a  strikingly  different  pattern,  usu- 
ally with  briefer  dives  during  the  day  than  at 
night  (Figures  5  and  6).  Furthermore,  dives 
lasting  90  seconds  or  more  were  more  frequent 
during  daytime  in  summer  and  fall,  with  peaks 
during  the  1215-1245  and  1615-1645  samples 
in  diflerent  porpoises.  In  winter  (porpoise  C), 
the  reverse  was  once  again  true  (Figure  7). 

Dive  duration  near  sunset  or  dusk  exh- 
ibited still  another  pattern.  Mean  dive  duration 
at  dusk  increased  compared  with  mean  dura- 
ti«ni  of  dives  preceding  or  following  sunset  by  1 
hour.  A  ckwer  look  at  the  data  showed  that  this 
increase  was  mainly  because  of  an  increase  in 
the  number  of  long  dives  (^90  sec),  which 
were  generally  more  frequent  during  dusk 
than  at  other  times  of  day  or  night.  This  difier- 
encc,  tested  for  porpoise  E,  the  only  animal 
for  which  adequate  data  exist,  shows  that  at 
least  in  that  porpoise  the  difTerenoe  is  signifi- 
cant (x'-test,  p  <  0.00S). 


Do  variations  in  the  weather  correspond 
to  a  subsequent  variation  in  dive  length  or 
amount  of  time  spent  at  the  surface?  During 
stormy  days,  with  wind  greater  than  40  km/hr, 
porpoise  I  spent  a  significantly  greater  amount 
of  time  at  the  surface  than  on  "calm"  days  with 
wind  less  than  10  km/hr  (n  -  12,  p  <  0.005, 
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t-test).  Porpoises  G,  J  and  A',  however,  be- 
haved in  exactly  the  opposite  wav  (n  =  16.  19 
and  12;  p  <  0.005,  0.005,  and  0.05,  respec- 
tively). Other  porpoises  could  not  be  testea  be- 
cause of  inadequate  data  (i.e.,  not  enough  ob- 
servations on  clear-cut  stonny  and  calm  days). 


Discussion 


Capture  and  cohesion 

Most  tagged  porpoises  showed  no  flight 
reaction  (except  for  the  small  group  with  por- 
poise B).  This  does  not  mean,  however,  that 
repeated  capture  of  individuals  might  not 
build  up  an  avoidance  reaction  of  the  capture 
vessel  or  possibly  any  other  boat  Porpoises  C. 
1.  F,  and  A 'stayed  clo.se  to  or  returned  to  the 
vicinity  of  the  capture  site  during  the  relatively 
short  life  of  the  radio  signal.  Therefore,  no 
general  avoidance  of  the  area  where  the  ani- 
mal  has  been  caught  appears  to  exist. 

Porpoises  G.  B.  F,  and  A'  were  resisted 
several  times  in  groups  widi  identified  indivi- 
duals. They  demonstrated  that  small-group 
cohesion  (6-15  animals)  is  present.  On  January 
8,  for  examjple,  we  repeatedly  saw  porpoise  G 
lagging  behind  its  group,  as  its  movement  ap- 
parently was  slowed  by  the  radio  tag.  We  en- 
countered it  again  within  its  group  14  to  1  hour 
later.  At  the  same  lime  there  were  10  or  more 
other  small  and  large  groups  in  the  vicinity, 
but  porpoise  G  was  clearly  orienting  toward 
that  group  which  included  two  spaghet- 
ti-tagged mdividuals  that  had  been  near  the 
animal  during  capture  5  days  eariier.  The  most 
dramatic  example  of  group  cohesion  was  that 
of  porpoise  B  of  whose  group  of  5  we  identified 
3  individuals.  Despite  having  another  group  of 
porpoises  doser  to  porpoise  B  upon  its  relMse. 
we  spotted  it  again  later  that  day  moving  with 
its  original  group.  I  do  not  know  how  the  ani- 
mal oriented  to  its  own  group.  Random  search 
from  group  to  group  is  a  poBsibility.  It  is  per- 
haps more  jMobable  that  there  existed  acoustic 
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communication  between  the  group  and  the 
recently  tagged  member,  possibly  in  the  form 
of  "signature"  sounds  as  has  been  described 
for  Tursiops  (CaMwdl  and  Caldwell,  1965) 
and  for  a  more  closely  related  animal,  Lage- 
norhvnchus  obliquidens  (Caldwell  and  Cald- 
well, 1971).  In  future  it  may  prove  fruitful  to 
record  underwater  sound  during  tagging  and 
subsequent  release  for  a  better  understanding 
of  this  example  of  onenialion  under  appar- 
ently stressful  conditions. 

Porpoises  1,  H,  and  J,  when  encountered 
again,  were  in  the  vicinity  of  another  group  or 
groups  but  were  basically  alone.  Various  pos- 
sibilities exist:  1)  these  porpoises  were  lone 
niiiiwak  -  they  had  joined  a  group  to  feed, 
were  captured  after  feeding,  and  then  on  being 
released  became  soHtary  again:  2)  these  por- 
poises were  completely  abandoned  because 
otiier  animals  reacted  to  the  transmitter  or  be- 
cause the  transmitter  slowed  them  down;  3) 
these  apparently  lone  animals  never  found 
their  group  after  release,  and  4)  these  porpoises 
were  witili  a  ooup  when  &e  boat  was  not 
present  but  left  the  group  when  the  boat  ap- 
proached. 

The  first  possibility  appears  unlikely;  in 
2  years  of  field  studies  we  only  once  encoun- 

tercd  an  apparently  solitary  dusky  porpoise. 
That  the  porpoises  had  been  abandoned 
also  appears  unlikely  because  all  porpoises  re- 
aghted  were  at  least  near  other  porpoises,  if 
not  immediately  adjacent  to  them.  It  is  pos- 
sible that  they  may  never  have  found  their 
group  and  may  not  have  been  accepted  mto  any 
other  group.  It  is  took  likefy,  however,  that  the 
porpoises  were  with  a  group  almost  all  of  the 
time,  but  that  the  approach  of  the  boat  frigh- 
tened off  the  tagged  porpoise  while  the 
rest  (rf'the  group  went  about  its  nwmal  activity. 
Since  we  were  converging  on  to  the  tagged 
individual,  we  would  have  missed  the  rest  of  its 
group.  I  his  idea  appears  especially  plausible 
when  looidng  at  the  behaviour  of  porpoise  G, 
whom  we  encountered  on  Januar\'  4,  1975,  just 
minutes  after  we  had  met  the  small  groups  with 
which  it  had  travelled  a  day  earlier  (2  spaghetti 
tags  in  the  group).  Given  the  fact  that  porpoise 


G  was  with  "its  group",  as  evidenced  by  the 
later  sightings  of  it  feedmg  with  the  2  spaghet- 
ti-tagged animals,  it  may  be  assumed  that  it 
moved  away  from  its  group  to  avoid  us  on  Ja- 
nuan,'  4,  and  that  we  acadentally  spotted  its 
nearby  group.  Furthermore,  in  looking  at  re- 
sightings  of  porpoises  with  "their  groups",  we, 
in  aO  but  one  case  (B),  found  the  porpoises 
feeding  or  engaged  in  behaviour  (such  as 
heading  towards  the  boat  from  a  distance, 
breaching  near  the  boat,  ndmg  the  bow  wave 
well)  which  from  oth«r  studies  suggested  that 
they  had  recently  been  feeding.  Many  times 
during  this  pattern  of  after-teedmg  behaviour 
the  animals  did  not  avoid  the  boat  in  any  way, 
and  diis  vm  also  so  with  the  tagged  animals 
resighted  with  groups.  WTiy  did  porpoise  B. 
whose  group  did  not  show  feeding  or  af- 
ter-feeding behaviour,  not  leave  the  group 
when  the  boat  appioadied?  The  answer  may  be 
that  when  we  reapproached  the  group,  all  ani- 
mals for  some  reason  were  avoiding  us.  Por- 
poise B,  seemingly  as  afraid  as  other  nonfeed- 
ing  tagged  porpoises,  also  tried  to  avoid  the 
approaching  boat  but,  because  the  rest  of  the 
group  used  the  same  avoidance  tactics,  stayed 
with  the  group.  This  small  group  was  the  only 
one  that  moved  (fled?)  immediately  to  **beyond 
our  sight"  when  B  was  tagged.  Either  an  alarm 
signal  was  issued  or  catching  of  the  animal  was 
alarm  enough,  in  the  evening,  the  group  still 
avoided  the  boat  and  remained  togemer. 

A  major  problejn  in  this  study  was  the 
possibility  that  capturing  porpoises  and 
equipping  them  with  radios  bothered  some  of 
these  highly  social  animals  so  much  that  they  do 
not  remain  with  their  conspeciflcs,  even  though 
this  may  only  be  briefly  while  the  boat  is  pre- 
sent. A  good,  comprehensive  study  of  the  na- 
tural behaviour  of  porpoises  is  not  likely  with 
equipment  that  at  least  at  times  seems  to  bother 
and  .slow  them  down.  Two  animals  (C3  and  A) 
were  slowed  down  badly  by  kelp  strands  which 
became  fouled  on  the  radio  transmitters.  At 
least  2  others  (I  and  H)  were  noticeably  slowed 
down  apparently  by  the  radio  transmitters  only. 
These  problems  might  be  solved  with  a  smaller 
radio  and  saddle,  better  streamlined  for  less  157 
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drag  and  to  avoid  kelp  fouling  The  antenna 
should  be  thinner  and  more  tlexible  and  pro- 
bably located  on  the  dorsal  midline  aft  of  the 
fin.  Perhaps  it  also  could  be  streamlined  to  re- 
duce drag  (airfoil-shaped  instead  of  round),  as 
has  been  shown  to  be  of  utmost  importance  in 
airplane  antenna  design.  Some  of  these  impro- 
vements have  already  been  made,  with  better 
designed,  more  streamlined  radios  on  Tursiops 
in  Fionda  waters  (B.  Irvine,  personal  commu- 
nicaiiun). 


Movement 

Irvine  and  Wells  (1972)  suggested  that 
Tursiops  moved  in  and  out  of  the  Intracoastal 
Waterway  south  of  Tampa  Bay,  Florida,  with 
ingoing  and  outgCHng  tidal  currents.  A  similar 
oorrelation  of  movement  with  tidal  currents  was 
found  in  the  present  study.  Not  only  did  ra- 
dio-tagged animals  move  through  the  mouth  of 
Golfo  San  Jos^  with  tidal  flow,  but  evidence  for 
movement  with  the  tide  was  found  as  far  as  20 
km  from  the  mouth.  Considering  the  swift  cur- 
rents generated  by  the  large  amount  of  water 
which  must  enter  and  leave  this  bay  during  a 
6-hour  cycle  (difTerence  between  low  and  high 
tide  is  6-8  m),  this  discoveiy  is  not  very  surpris- 
ing. 

The  only  porpoise  to  have  been  studied 

during  the  winter  was  C.  It  covered  significantly 
less  territory  than  all  of  the  others.  This  obser- 
vation appears  U>  fit  in  well  with  theo- 
dolite data  of  porpoise  movonents  during  the 
wintertime;  slow,  nearshore  movement  which 
changes  direction  often  and  thus  keeps  the  ani- 
mal m  a  restricted  area  (WOrsig,  in  press).  On 
the  other  hand,  radio-  (and  theodolite-)  tracked 
porpoises  during  the  summertime  moved  fa- 
ster, further  from  shore,  and  covered  a  larger 
area  than  their  wintertime  counterparts.  Inis 
difference  may  be  a  reflection  d  the  food 
supply.  Unfortunately  little  is  known  of  the 
foodfish  En^raulis  anchoitu  which  appears  to 
be  the  main  diet  of  the  dusky  porpoise  in  Ar- 
158    gpntine    waters    (WQisig    and  Wtlisig, 


submitted).  During  a  research  cruise  carried  out 
mid-Februaiy  (summer)  of  1970  (Bosch  i  and 
Fenucd,  1972)  anchovy  was  found  throughout 
the  bay.  This  observation  correlated  with  por- 
poises found  throughout  the  bay  at  and  around 
this  time.  In  winter,  anchovy  are  mainly  found 
in  more  northern  latitudes,  several  hundred 
kilometers  north  of  the  study  ate  (Brandhorst, 
et  ai,  1971).  It  thus  appears  likely  that  dusky 
porpoises  are  not  feeding  on  anchovy  in  this 
area  in  winter.  1  do  not  know  what  they  are 
feeding  on  during  the  slow,  near-shore  winter 
movements. 


DiVE-TIME  PATTERNS 

There  was  a  large  individual  variation  in 
dive  times,  and  it  did  not  appear  to  be  related  to 
animal  size  or  sex.  Future  analysis  may  find  a 
relationship  between  the  duration  of  the  dives 
and  environmental  factors,  but  whatever  cor- 
relation exists  is  surely  complex.  Despite  diffe- 
rences from  porpoise  to  porpoise,  all  the  ani- 
mals exhibited  a  clear  day-ni^t  variation  in 
length  of  dives,  with  nighttime  diaracter- 
ized  in  summer  by  short  dives,  daytime  (pri- 
marily about  10(X)-17(X)  hrs)  by  longer  dives. 
However,  in  winter  night  dives  became  long. 
Behavioural  notes  on  Tursiops  species  in  cap- 
tivity have  shown  that  nighttime  is  marked  by 
reduced  vocalization  (Powell.  1966)  and  by  re- 
duced social  mteractions  (Saayman,  Tayler  and 
Bower,  1973,  on  Tlimops  atbmcus).  These  data 
appear  to  point  to  nighttime  periods  of 
resting  or  sleeping,  but  whether  or  not  the  short 
night  dives  of  dusky  porpoises  during  simimer 
represent  a  similar  behaviour  is  not  Imown.  In 
the  winter,  porpoises  dove  only  for  brief  periods 
during  the  dav.  At  the  same  time,  thev  moved 
slowly  and  near  shore  at  almost  all  umes,  and 
their  activity  level  appeared  low.  They  therefo- 
re appeared  to  be  "resting",  and  this  apparent 
rest  correlates  with  brief  dives  (WQisig  and 
Wursig,  submitted). 

De^Mmadef^stwhedby  Evans  (1971, 
1974)  made  long  dnres  during  nocturnal  hours. 
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He  correlated  this  with  the  nightly  upward 
migration  of  organisms  aswdated  with  the 

deep  scattering  layer.  It  is  not  clear  from  his 
data  whether  or  not  there  was  a  difTcrencc  in 
diving  pattern  between  seasons.  Long,  mainly 
afternoon,  dives  whidi  dusky  porpoises  made 
in  summer  occurred  during  the  daily  peak  of 
feeding  activity  fWiirsig  and  Wtirsig.  submitt- 
ed). It  thus  appears  likely  that  porpoises  were 
diving  deeper  at  this  time,  possibly  to  hunt  for 
fish  and  herd  (hem  toward  the  surface.  Long 
dives,  greater  than  90  seconds,  were  observed 
during  daytime  as  well  as  at  dusk.  Evans  (1971) 
found  that  Delphinus  delphis  siboppcd  to  "mill" 
and  possibly  feed  around  sunset,  sunrise,  and 
noon.  A  similar  feeding  behaviour  may  be  evi- 
dent with  dusky  porpoises  but  why  this  should 
be  is  not  known. 

High  wind  had  a  definite  effect  on  the 
amount  of  time  porpoises  spent  at  the  surface. 
However,  it  vaned  greatly  from  porpoise  to 
porpoise.  Porpoises  J.  G .  and  A' surfaced  less  in 
rough  weather,  while  porpoise  I  exhibited 
exactly  the  opposite  trend.  Various  possibilities 
present  themselves:  1)  since  3  porpoises  studied 
stayed  under  the  surface  significantly  more  in 
storm  conditions  and  only  I  did  not  porpoises 
may  usually  show  this  behaviour  and  1  could 
have  shown  aberrant  bdiaviour,  possibly  be- 
cause the  radio  and  its  saddle  interfered;  2)  it 
could  be  that  the  effect  does  not 
represent  natural  behaviour  and  the  tagged 
porpoises,  bothered  by  the  radios,  were  merely 
adjusting  to  surfacing  and  breathing  in  diffe- 
rent ways;  and  3)  the  effect  is  real  but  ditTerent 
for  different  animals  and,  most  likely,  their 
groups. 

Possibility  No.  1,  less  time  spent  at  the 
surface  during  high  winds,  may  have  highest 
appeal.  Porpoises,  like  scuba  divas,  may  prefer 
not  to  ix  1  udl  tcd  by  rough  seas  and  therefore 
stay  below  the  infiuence  of  wave  action  as  much 
as  possible.  Dive  times  did  not  change  under 
these  weather  conditions,  onty  the  amount  of 
time  spent  at  the  .surface.  This  therefore  does 
not  appear  to  reflect  a  change  in  feeding  beha- 
viour. I  he  change  appears  directly  related  to 
sea  or  wind  state. 


Summary 

Dusky  porpoises  live  in  small  groups  of 
6-15  individuals.  These  small  groups  come  to- 
gether to  form  larger  ag^egations  to  feed,  and 
then  separate  again.  Tms  behaviour  suggests  a 
complex  social  system. 

Three  porpoises  showed  that  small 
groups  appear  stable  over  a  penod  of  at  least 
several  days.  Recently  tagged  porpoises  w«e 
not  bothered  by  the  radio  transmitters,  but 
usually  after  2  or  more  days  movement  was 
slower  than  normal  and  tagged  porpoises  were 
more  often  found  alone.  Kelp  fouling  of  the 
radio  beacon  was  a  serious  problem  for  at  least 
2  animals. 

Porpoises  in  Golfo  San  Jos6  are  to  a  large 
degree  alTected  by  tidal  currents.  They  travd 
within  and  outside  of  the  hay,  but  wt. ether  they 
have  a  territory  or  have  a  range  and  how  big  it 
might  be  is  undear.  In  summer,  dusky  porpoi- 
ses make  longer  dives  during  the  day  than  they 
do  at  night.  This  difTcrencc  is  related  to  feeding 
in  daylight,  with  periods  of  relative  rest  at  night. 
In  wmter  this  cyde  appears  to  be  reversed. 
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A  DISCRETE  POPULATION  MODEL  FOR  THE  SOUTH  AFRICAN 
FUR  SEAL,  ARCTOCEPHALUS  PUSILLUS  PUSILLUS 


PJ>.  Shaughnessy  and  P.B.  Best 


A  simple  model  for  South  African  fur  seab,  Aretocephatus  pmilhts  ptaiiha,  was  cons- 

inicicd  III  dL-tcrminc  Ihc  annii.il  vicld  of  yearlings  and  abundance  of  mature  females  when  the 
population  reaches  stability  and  the  time  taken  to  reach  stability,  under  various  constant 
sealing  rates,  and  the  sensitivity  of  these  to  changes  in  the  values  of  die  parameters  tised.  The 
model  assumes  a  stable  initial  populntinn  ;ind  i*.  concerned  only  with  females  Aces  ;it  >>c\ual 
maturity  and  at  first  parturition  were  taken  to  be  3  and  4  years,  respectively;  the  proportion  of 
newborn  pups  who  were  female  was  set  at  40  %.  Annual  survival  rates  of  animals  in  their 
second  and  third  vcars.  in  their  t^uirlli  \car  and  of  ni.itiirc  fcnialL-s.  u  ere  '>ci  at  (17 14 1  each.  0  05 
and  0.087,  respectively.  These  paramctcni  were  treated  as  independent  ot  population  size.  I  he 
other  rates  are  density-dependent:  the  pregnancy  rate  is  described  by  a  linear  relationship,  and 
thesur\  ival  rate  of \oung  pups  bv  a  geometric  one  Prcgnancv  and  sur\  ival  rates  based 
on  data  from  northern  fur  seals,  Caitorhinus  ursinus,  on  the  Pribilof  Islands. 

The  model  predicts  the  maximum  sustainable  sealing  rate  to  be  33  %  of  female  year- 
lings, when  the  mature  female  population  stabilizes  at  about  51  T  of  its  initial  si/e.  a  condition 
reached  after  180  years  and  providing  an  annual  harvest  of 449 yearlings  to  every  5  100  mature 
females.  The  maximum  sealing  rate  tolerable  for  a  sizeable  sustained  yield  would  be  about 
50  so  a  har\'esi  of  33  f  may  be  dangerous  if  the  model  is  seriously  biased.  The  model  was 
shown  not  to  be  sensitive  to  changes  in  the  density-independent  parameters,  but  changes  in 
the  pregnancy  rate  and  especially  in  the  survival  rate  of  pups,  do  produce  considerable 
variation  in  the  predicted  values  (notably  a  decrease  in  the  maximum  sustainable  sealing  rate) 
particularly  if  these  rates  are  assumed  to  be  density-dependent.  rhu.s.  it  is  important  that  data 
on  these  2  parameters  be  obtained  and  that  pup  protluction  is  properly  monitored  in  the 
meantime. 

l  >n  modile  simple,  destind  ^  I'otarie  k  fourrure  sud-africainc,  Arclocephalux  pusiUus 
pusillus,  a  ^t^  construit  pour  dilerminer  la  production  annuelle  de  jeunes  et  rabondance  de 
femelles  arriv^es  k  maturity  quand  la  population  atteint  le  point  de  stability  ct  le  temps  mis 
pour  y  parvcnir.  avec  divers  taux  constants  dechaase,  et  leur  sensibility  aux  changements  des 
valeurs  dcs  paramttrcs  employe's.  Le  mod<l-le  suppose  unc  population  initiale  stable  et  ne  porte 
que  sur  Ics  femelles.  On  a  considcrc  que  I  age  de  maturity  sexuclle  et  a  la  premiere  parturition 
^tait.  rcspectivement,de  3  el 4  ans.  La  proportion  k  auxnouveau-n£sfemeUesa6t6rix£eA 
40  'r  I  cs  taux  annucis  de  survic  dcs  animaux  durani  leur  seconde,  troisiime  et  quatri^me 
annees  et  ceux  des  femelles  ont  etc  fixes,  rcspcctivcment  a  0,7141  chaque.  0,95  et  0,087.  Ces 
paramdtres  ont  ete  traites  comme  inddpendants  de  la  taille  de  la  population.  Les  autres  taux 
dependent  de  la  densite;  le  taux  de  gestation  est  d^crit  par  unc  relation  lineaire  el  le  taux  dc 
survie  des  jeunes  veaux  est  decrit  par  unc  relation  gtometrique.  Lcs  taux  dc  gestation  ct  de  163 
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survie  se  fondcnt  sur  des  donnies  oonoemant  les  otaries  k  foumiie,  CalkvMHus  wslmis^  des 

Pribiiov. 

Le  modftle  prfrvoH  que  le  taux  maxiinuni  soutena  de  chane  est  de  33  %  pour  les  veaux 
fcnellcs  quand  la  population  femelic  mature  se  stahiiise  d  environ  51  'i'  dc  sa  taille  inilialc, 
oondition  atteinte  apiis  180  ans  et  assurani  une  recolie  annueUe  de  449 jeunes  de  i'ann^  par 
5  100  femdles  matures.  Le  taux  maximum  de  chasse  toMrable  pour  un  rendement  sootenu 
appreciable  scrail  dVnviron  50  "r.  done  une  ehasse  dc  33  pourrait  ctrc  dangereuse  si  le 
module  est  affect^  d'une  distorsion  serieuse.  Oo  a  montri  que  le  module  n'etait  pas  seasible 
aux  changements  des  paramitres  d6pendant  de  la  density,  mais  les  changements  du  taux  de 
gestation,  etspdcialemeni  du  taux  de  surv  ie  des  veaux,  produisent  des  variations  ainsidirablcs 
dans  les  valeurs  prdvues  (nt^tammcnt  une  diminution  du  taux  maximum  soutenu  de  chasse), 
particuliirement  si  Ton  suppose  que  ces  tsnx  dtpendent  de  la  density.  II  est  d<mc  important 
que  les  donnies  sur  ces  deux  paramitres  soient  oMenues  et  que  la  production  de  veaux  soit 
oonvenablement  sufveill^e  entre  temps. 

Se  prepare  un  modelo  sencillo  para  el  \obo  marine  de  dos  pelos  de  Sudafrica.  Arcio- 
cephalus pusiUus pusillus,  en  orden  a  determinar:  el  rendimtento  anual  de  animales  de  un  aAo 
y  la  abundaoda  dc  hemhras  maduras  ciiandd  !a  poblacion  alcan/a  la  estabilidad;  cl  ticmpo 
necesario  para  alcanzar  la  estabilidad,  con  diversos  indices  constantes  de  explotacion;  y  la 
sensilHlidad  de  ^os  a  las  varkckmes  en  ios  valores  de  los  partmetros  utilizados.  El  modelo 
supone  una  poblacion  inicial  estable,yseocupa  stMo  dc  las  hemhras.  Se  parti6  de  la  hipoicsis 
dc  que  las  edadcs  dc  madurcz  sexual  y  de  primer  parte  son,  rcspeclivamentc,  3  y  4  ahos,  y  la 
propord6n  de  cachonos  hembras  recUn  nacidos  se  fij6  en  40  por  dento.  El  indice  anual  de 
supcrv  ivcncia  de  los  animales  en  el  segundo  y  tercer  ano  se  fijo  en  0.7 14 1,  en  el  cuarto  ano.  en 
0.95,  y  cl  indice  de  supervivcncia  dc  hembras  adultas,  en  0,087.  Eslos  partmetros  se  trataron 
oomo  independientes  del  volumen  de  la  pot>lad6n.  Los  demis  indices  dependen  de  la 
densidad:  el  indice  de  prcfic/  se  describe  mcdiante  una  relaciiSn  lineal,  y  el  indice  de  super- 
vivcncia de  los  cachorros  mcdiante  una  rclacion  ^eometrica.  Los  indices  de  prenez  y  super* 
vivenda  se  basan  en  datos  prtx»dentes  del  oso  marino  (Caflorftlma  urshtus)  de  las  islas 
Pribilol 

£1  modelo  preve  que  el  rendimiento  maximo  sostenible  equivaldra  al  33  por  ciento  de 
las  hembras  de  un  afto,  cuando  la  poblad6n  de  hembras  maduras  se  estabiliza  en  tomo  a  un  SS 
piH  cicntt)  de  su  niimero  inicial.  estado  que  se  alcanza  al  cabti  de  ISOai^ossisepermite  obtencr 
un  rendimiento  anual  de  449  animales  de  un  ano  por  cada  5  100  hembras  mwluras.  £1  indice 
miximo  de  explotaddn  tolerable  para  obtener  un  lendimiento  sostenido  importante  seifa  del 
ocden  del  50  por  dento,  por  lo  que  explotar  la  poblad6n  al  33  por  ciento  podria  ser  peligroso 
si  el  modelo  estuviera  viciado  por  un  grave  error  sistemitico.  Se  ha  mostrado  que  el  modelo  no 
es  sensible  a  variaciones  en  los  pardmclros  independientes  de  la  densidad.  pero  los  cambtos  en 
los  bidioes  de  preflez  y.  especialmcnic.  cn  el  indice  de  supervivencia  de  los  cachorros  deicr 
mman  variaciones  considerables  en  los  valores  previslos  (sobre  todo,  una  disminuci6n  de  la 
captura  maxima  sostenible).  especialmente  si  se  supone  que  esos  indices  dependen  de  la 
deiisidad.  Asi  pues,  es  importante  obtener  datoa  sobie  esos  dos  partatetro«  y  sc^uir  de  oerea, 
enlretanto,  la  produod6n  de  cachomu. 

P.D.  Skaugknessy 

Dbteetmr,  Sea  Fldurles  Institute.  Private  Bag,  Sea  Point  806(K  South  Africa 

F.B.  best 

Sea  Fbherlet  Bnmch,  Marine  Manunai  Labmntory,  P.O.  Box  251,  Cape  Town  900IK  South 
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A  POPULATION  MODEL  FOR  THE  SOUTH  AFRICAN  FUR  SEAL 


Introduction 


The  population  of  South  African  fur 

seals  has  generally  been  successfully  managed 
since  1891,  with  some  signs  of  an  increase  in 
population  size  under  controlled  exploitation 
(Shaughnessy,  1976).  This  has  been  achieved 
mainlv  through  the  direct  involvement  of  the 
State  in  sealing,  and  by  adhering  strictly  to  the 
traditional  practices  of  harvesting  seals  in  their 
first  year  of  life  and,  formecfy,  of  harvesting 
adult  bulls.  During  the  last  ten  years,  however, 
the  gradual  transfer  of  sealing  from  the  State 
to  private  enterprise,  the  intensification  of  the 
conflict  between  the  pelagic  fishing  industry 
and  seals  (which  are  viewed  either  as  compe- 
titors or  as  a  pest),  and  the  increasmg  public 
concern  over  sealing  have  meant  that  future 
management  must  be  placed  on  a  firmer 
scientific  basis. 

As  a  first  step  to  this  end  an  attempt  has 
been  made  in  this  paper  to  construct  a  simple 
mathematical  model  to  determine  the  effects 
of  certain  sealing  regimes  on  population  si/.c 
and  to  determine  the  maximum  sustainable 
yield  (MSY).  Because  many  of  the  aspects  of 
fur  seal  behaviour  and  biology  relevant  to  this 
model  are  unknown  for  A. p.  pusillus.  frequent 
reference  has  been  made  to  the  northern  fur 
seal,  Callorhinus  ursinus,  of  the  Pribilof  Islands 
for  which  a  larger  body  of  pertinent  data  has 
been  pubUshed. 


The  model 


The  South  African  sealing  industry  is 
directed  at  both  male  and  female  yearlings. 
Since  A.p.  pusillus  is  polygynous  and  manage- 
ment of  females  is  likely  to  be  more  critical,  %e 
model  considers  only  the  effect  of  exploitation 
of  this  sex.  The  model  assumes  a  stable,  un- 
harvested  initial  population  of  10  000  mature 
females  together  witn  the  concomitant  number 
of  immature  females  as  indicated  by  the 


parameters  for  such  a  population  (1  795,  1  282 
and  915  seals  aged  1,  2,  and  3  years  respec- 
tively, at  the  end  of  each  year).  In  the  initial 
population,  the  number  of  mature  females 
dying  annually  is  balanced  by  the  number  of 
juvenile  females  reaching  sexual  maturity  an- 
nually, so  that 

N.p0.4s,(l-F)$,-No(l-e-"2)  (1) 
where 

No  —  initial  population  size  of  mature  fe- 
males 

p     =  pregnancy  rate  of  mature  females 

S|  =  survival  rate  of  Icnialcs  from  birth  to  7 
mrniths  of  age 

F  —  fishing  mortality  or  scalinp  rate  (per- 
centage of  female  ycarlines.  surM\  ing 
initial  mortality,  that  are  harvested) 

S]  -  survival  rate  of  immature  seals  after 
sealing  season  {ftosn  10  months  to  4 
years  of  age) 

and 

M,  -  instantaneous  natural  mortality  rate  of 
adult  females. 

The  factor  0.4  represents  the  proportion  of  fe- 
male pups  at  birth  in  A.p.  pusillus  (Best  and 
Rand,  1975).  The  term  pup  is  used  here  to 
describe  seals  in  their  first  3  or  4  months  of  life 
until  they  shed  their  black,  natal  coat.  From 
then  until  12  months  of  age  they  are  referred  to 
as  yearlings. 

The  population  has  been  simulated  in  a 
real  time  series,  f  or  each  simulation  the  seal- 
ing rate  is  kept  constant,  but  certain  parame- 
ters are  made  to  vary  in  response  to  exploita- 
tion. At  each  iteration  of  the  simulation  the 
numbers  of  mature  females,  and  of  vearling 
females  harvested  are  recorded,  iteration  is 
continued  untU  a  stable  population  is  reached, 
that  is»  imtii  die  nimiber  of  females  in  each  age 
class  in  successive  iterations  differs  by  less  thui 
1.0. 

The  following  i^mbols  refer  to  the 
number  of  female  seals  m  each  age  class  at  the    1 65 
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end  of  year  t.  where  year  t  ends  at  the  begin- 
ning of  the  subsequent  pupping  season 


P. 
P  , 
K 

and 


Number  of  one-year-olds 

number  of  two-year  olds 
number  of  three-year-olds 


N(    "  number  of  mature  females  (fouryears 
and  older). 

Further, 

Pqji    —  numberof  pups  bom  in  year  t 
p,    «  pregnancy  rate  of  mature  females  in 
year  t 

and 

C,    "  catch  of  female  yearlings  in  year  t. 
Thus 

Pi)i4i  ~  N|  ■  Pi  *  0.4  ...•■•«««••• 

Pu*,  =  Po..,  s,(l-F)    (3) 

Pt,*i-P..-Sj..    (4) 

P„*.  =  P  .  s  .    (5) 

N,*i  =  N.-N.(l-e  "2)-»-P,.  s,3  (6) 
Ci+i  =  Pjti^i'Si'F    (7) 

where  s  ,.  s,.,  and  s>,  are  the  survival  rates  of 
seals  triini  age  1  to  2,  2  to  3  and  3  to  4  years, 
respecUvely. 


The  parameters 


On  the  basis  of  skull  suture  examination, 
the  age  at  sexual  maturity  in  female  A. p.  pu- 
sillus  was  taken  as  2  years  by  Rand  ( 1 955),  with 
the  first  pup  born  at  age  3.  However,  in  August 
and  September  1975,  7  female  South  African 
fur  seals  killed  in  their  third  year  of  life  in  the 
harvest  at  Kleinzee  were  found  not  to  be 
pregnant  Since  these  females  were  tagged  as 


pups  in  January  1973,  we  can  be  sure  of  their 
age.  Thus  we  have  concluded  that  females  are 
not  mature  until  at  least  3  years  of  age,  and 
their  first  parturition  occurs  at  age  4  or  later. 

Although  this  parameter  has  been  found 
to  be  density —dependent  in  some  pinniped 
spedes  (Sergeant,  1973),  and  diere  are  sug- 
gestions of  a  difference  in  the  age  of  females  at 
sexual  maturity  between  Asian  and  American 
herds  of  C  ursinus  (Nagasaki,  1961),  it  has 
been  considered  safer  here  (in  the  absence  of 
positive  evidence  of  density -dependence) 
to  assume  that  the  age  at  sexual  maturity  in 
A.p.  pusillus  remains  constant,  irrespective 
of  population  size. 

The  pregnancy  rate  nf  A.p.  pusillus  has 
been  given  as  70  ^  bv  Rand  (19.52).  It  can  also 
be  calculated  from  data  given  in  Tables  3  and  7 
of  Rand  (1959)  as  63/84  or  75  %.  This  is  a  very 
similar  proportion  to  that  described  for  C.  ur- 
sinus. In  the  latter  species  at  the  Pribilof  Is- 
lands, this  parameter  seems  to  be  signitlcantly 
affected  by  population  density.  Pregnancy 
rates  varied  from  57.8  %  to  62.9^  in  the  \  cars 
1952,  195!S-i962:  for  this  period.  Chapman 
(1964)  considered  60  %  to  be  the  most  reason- 
able estimate.  For  the  period  1916-1922,  he 
considered  a  figure  of  80  %  to  be  a  reasonable 
upper  limit  to  the  pregnancy  rate.  The  popu- 
lation level  of  the  Fribiiof  Islands  herd  under- 
went considerable  alteration  during  this  time 
period.  From  1925  to  1947  the  population 
mcreased  and  exceeded  the  level  estimated  to 
give  MSY  (Johnson,  1972).  The  pup  popula- 
tion was  believed  to  have  levelled  off  near 
600  000  by  the  early  1950's  (.lohnson.  1975). 
and  Nagasaki  (1961)  considered  that,  for  the 
purposes  of  yield  calculations,  the  pup  pro- 
duction for  the  Pribilof  Islands  herd  from  1953 
to  1956  was  equivalent  to  its  maximum. 

On  the  a.ssumption  that  the  density  of 
northern  fur  seals  reached  its  maximum  in  the 
early  1950's  (when  600  ()(X)  pups  were  bom), 
then  the  population  level  in  19 16- 1922 
(154  000  pups,  based  on  the  average  of 
1916-1922  pup  counts  (Johnson,  1975))  was 
about  25  %  of  that  in  the  early  1950*s.  Thus  a 
linear  relationship  between  relative  adult  fe- 
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male  population  size,  N,/N,>.  and  the  propor- 
tion pregnant  in  year  t  (pj  can  be  calculated  as 

p,  »  0.85  -  0.25  N/No. 

There  are  no  data  yet  on  the  natural 
mortality  rate  of  South  African  fur  seals,  either 

for  juveniles  or  for  adults.  Given  the  similarity 
in  reproductive  rate  and  breeding  behaviour 
of  A. p.  pusillus  ^nd  C.  Mr.y/nM.9,  however,  there  is 
no  reason  to  believe  that  a  similar  pattern  of 
mortality  does  not  exist  in  both  species.  In  C. 
ursinus  initial  pup  mortality  (on  land)  is  virtu- 
ally complete  by  age  6  weeks  (Kenyon,  Schef- 
fer  and  Chapman.  1954),  and  appears  to  be 
strongly  density -dependent  (Chapman,  1961; 
Nagasaki,  1961).  The  relationship  between 
mortality  of  C.  ursinus  pups  on  land  and  the 
number  bom  has  been  recalculated  from  the 
available  data  (Table  1  and  Figure  I).  Mor- 
tality for  the  period  1914  to  1922  and  in  1924 
has  been  calculated  from  counts  of  live  and 


dead  pups  (Kenyon,  Scheffcr  and  Chapman. 
1954),  while  mortality  from  1961  to  1966  has 
been  calculated  trom  counts  of  dead  pups  only 
(Marine  Mammal  Biological  Laboratory. 
1969)  and  the  mean  of  pup  population  esti- 
mates based  on  tagging  and  on  shearing  and 
sampUng  (Johnson,  1972).  Assuming  that  the 
maximum  pup  population  for  the  Pribilofs 
was  600  000,  the  observed  mortalities  (M,  %) 
have  been  plotted  on  a  bgarithmic  scale 
against  estimates  or  counts  of  the  pup  popula- 
tion expressed  as  a  proportion  of  the  initial 
pup  population  size  (x).  This  gives  a  least 
squares  estimates  of 

logioM,  »  0.0475  +  1.3542  X. 

Assuming  that  pup  mortality  is  similar  for 
both  sexes,  the  mitiai  survival  rate  of  female 
pups  can  be  expressed  as 

s,  -  1-0.01  (10^»*'^) 


I  able  I.   KeiaiHinship  between  had  mortalily  in 


Year 

No.  pups 

bom  '-^ 
(thousaods) 

No.  pups 
bom/ 
600000 
(X) 

No.  dead 
counted 

Mortality 

nie 
(M,») 

1914 

93 

0.155 

1  743 

1.9 

19IS 

104 

0.173 

1  811 

1.7 

1916 

117 

0.I9S 

2  482 

2.1 

1917 

128 

0.213 

3  850 

3.0 

1418 

143 

0.238 

4  302 

3.0 

157 

0.262 

4  834 

3.1 

1-12(1 

168 

0.280 

4  219 

2.5 

1921 

177 

0.295 

4  397 

2.5 

1922 

186 

0.310 

3  223 

1.7 

1924 

208 

a347 

5  109 

2.5 

1961 

49! 

0.818 

71001 

14.5 

1962 

420 

0.700 

S3  748 

12.8 

1963 

393 

0.655 

39  239 

10.0 

l')64 

396 

0.660 

25  042 

63 

l%5 

367 

0.612 

46  308 

\2j6 

1966 

413 

0.688 

27  392 

6JS 

I  KcnjoH,  Schcflcr  and  diapnun  (1934). 
■ic  mean  of  iigginE  ciiimalia  and  iheariBf  and 


■  I9I4.IVM: 

*  mi-IM6: 

umpling  cMimalc%.  from  jiitinum  (1912). 

*  I96I-I9M:    including  ihc  5  1  <ivcnij;hl  fjilor.  flfnoi ' 

Biologkal  Laboraloiy  (I909). 


where 

X  «  N,p,/Nopo. 

This  equation  has  been  inserted  into  the  model 
to  produce  estimates  of  pup  survival  (s,)  at 
different  levels  of  pup  population  size  relative 
to  the  initiaL 

Because  mortality  of  pups  on  land  is  es- 
senually  complete  by  6  weeks  of  age  in  C. 
ursinus,  it  is  assumed  that  in  A. p.  pusilhts 
mortality  of  young  pups  represents  the  only 
natural  mortality  previous  to  sealing  (which  in 
this  species  has  normally  occurred  at  an  age  of 
6.5  to  10.5  months).  Natural  mortality  after 
sealing  and  before  recruitment  to  the  mature 
population  is  not  considered  to  be  density-de- 
pendent, despite  opinions  to  the  contrary  for 
C.  ursinus  (NPFSC  Scientific  Committee, 
1962).  This  conclusion  is  reached  after  com- 
paring the  survival  rate  of  C.  ursinus  females 
from  birth  to  age  3  for  the  period  1916-22 
(0.40X1.25  =  0.50)  with  that  for  1947-52(0.37 
in  Chapman.  1964).  When  the  different  surv- 
ival rates  for  pups  on  land  during  these  two 
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periods  are  taken  into  consideralion,  ihe  sub- 
sequent survival  rates  of  juveniles  at  sea  are 
almost  identical  (around  0.51),  de^ite  grout 
differences  in  the  total  population  size.  In  the 
model  therefore  annual  survival  rates  for  se- 
cond and  third  year  animals  (S2.1  and  s^)  are 
taken  to  be  constant,  at  0.7141  each,  with  Su 
including  any  mortality  that  might  take  place 
after  sealing  and  previous  to  age  one. 

No  estimates  are  available  for  2  other 
survival  rates  of  A. p.  pusillus,  namely  that  for 
females  in  their  third  year  and  that  for  mature 
females.  Accordmg  to  Chapman  (1964),  the 
survival  rate  of  third  and  fourth  year  C  ursinus 
females  is  high,  around  0.94  to  0.95.  Therefore 
a  figure  of  0.95  has  been  adopted  for  S;> 

If  the  present  model  is  then  run  for  a 
balanced  initial  population  with  the  parame- 
ters set  at  the  above  values,  the  annual  mor- 
tality rate  of  mature  A.p.  pusUlus  females  can 


be  calculated  as  0.U87.  I  his  figure  is  consider- 
ed to  be  close  enough  to  Chapman's  (1964) 

calculation  for  C.  ursinus  of  OA  1  to  be  used  in 
the  model  No  density  dependent  changes 
in  these  two  rates  are  expected. 


Results 


(1)    Maximum  sustainable  harvest  of  year- 
lings 

The  annual  harvest  of  yearling  females, 
the  number  of  mature  females  when  the  pop- 
ulation reaches  stability  and  the  number  of 
yeare  taken  to  reach  stability  under  various 
constant  sealing  rates  are  shown  in  Table  2. 
The  model  predicts  that  the  maximum  sus- 
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Table  2.   V  ield  and  population  size  oiA^  pmilliis  femal«$  at 
various  walinx  rates,  wMh  Hne  taken  lot  lb*  pafw- 

lation  1(1  rciich  stability 


vJV-U  III  IK 

rote 
(F> 

Annual  hanffist 
ftf  vmriinM 

Population 
size  of 
mature  females 

Yean  to 

stabBKv 
(1)  " 

a  10 

ITS 

0.893 

61 

020 

341 

0759 

92 

030 

444 

0578 

ISO 

031 

447 

0.556 

159 

0.32 

449 

0.532 

169 

0,33 

449 

().5()X 

180 

0.34 

446 

0483 

192 

0.35 

440 

0.457 

206 

0,40 

362 

0.303 

311 

OJO 

36 

O021 

485 

0«0 

12 

0.006 

250 

0,70 

8 

0.003 

167 

0.80 

6 

0.002 

124 

0.90 

5 

0.00i 

97 

tainable  sealing  rate  for  yearlings  is  33  %  of 
the  number  of  female  pup.s  surviving  lo  the 
beginning  of  the  sealing  season,  when  the 
mature  female  population  stabilizes  at  about 
5 1  %  of  its  initial  level  (Figuie  2).  That  stability 
is  reached  after  180  years. 

It  is  interesting  to  note  that  the  yield 
curve  falls  off  very  rapidly  when  the  sealing 
rate  is  increased  hevond  that  giving  maximum 
harvest.  The  maximum  sealing  rate  tolerable 
for  an  appreciable  sustained  yield  appears  to 
be  about  50  %.  This  suggests  that  even  har- 
vesting at  the  maximum  sustainable  yield  level 
might  be  potentially  dangerous  if  there  should 
be  a  serious  bias  in  the  model  Thus  the  popu- 
lation should  be  harvested  at  below  the  inaxi* 
mum  sustainable  rate. 

(2)    SensUivitv  analyses 

The  parameters  used  in  this  model  have 
been  subjected  lo  sensitivity  anal^^ses.  In  each 
of  these  analyses  the  number  of  mature  fe- 
males dvine  annually  has  boon  adjusted  to  bal- 
ance the  number  of  juvenile  females  reaching 
sexual  maturity  so  that  the  number  of  mature 


females  in  the  initial  population  remains  con- 
stant. For  the  survival  rates  that  are  thought  to 
be  independent  of  population  density  (name- 
ly, those  for  seals  in  their  second,  third  and 
fourth  years),  alteration  of  the  parameters  by  3 
or  4  percentage  points  has  little  effect  on  the 
predicted  maximum  sustainable  sealing  rate  or 
on  the  concomitant  yield  (  Table  3).  Further, 
the  number  ot  mature  females  in  the  resulting 
Stable  population  either  remains  unchanged  or 
increases  slightly. 

Other  presumed  density-independent 
parameters  that  seem  to  have  hllle  elTect  on 
the  predicted  maximum  sustainable  sealing 
rate  are  the  sex  ratio  of  newborn  pups  and  the 
age  at  sexual  maturity  in  females  (Table  4).  As 
the  percentage  of  females  among  newborn 
pups  is  increased  from  35  %  to  50  %,  the  model 
predicts  thai  the  maximum  sustainable sealini' 
rate  is  virtually  unaltered,  the  harvest  in- 
creases, and  the  number  of  aduli  females 
in  the  stable  population  dianges  only  lightly. 

Changing  the  age  of  first  parturition  of 
cows  from  4  years  lo  either  3  years  or  5  years 
also  ha^  Uttle  effect  on  the  maximum  sustain- 
able sealing  rate  and  on  the  predicted  harvest 
ofyearhngs,  but  slightly  increases  the  number 
of  adult  females  in  the  stable  population 
(Table  4).  As  would  be  expected,  the  number 
of  years  taken  to  reach  stability  increases  as  the 
age  of  first  parturition  increases  Unfortu- 
nately it  was  not  possible  lo  U'cat  the  age  of  first 
parturition  as  a  density-dependent  parameter. 
From  these  analyses  it  can  be  concluded  that 
the  model  is  not  sensitive  to  changes  in  these 
density-independent  parameters. 

In  using  equation  (2)  to  predict  the 
number  of  pups  bom.  N,  has  been  used  for  the 
number  of  adult  females  in  the  population. 
Although  this  is  correct  for  the  beginning  of 
the  pupping  season  of  year  t  +  I,  the  number 
of  adult  females  decreases  during  the  pupping 
season  due  to  mortality.  Since  the  pupping 
season  lasts  for  a  couple  of  months  rather  than 
a  whole  year,  N,  is  considered  to  be  a  better 
estimate  of  the  number  of  adult  females  than 
N  ,  .  However,  if  N,  is  replaced  by  N,,,,  in 
equation  (2),  there  is  Utile  change  to  the  pre-  169 
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dieted  maximum  sustainable  sealing  rate, 
harvest  and  the  number  of  adult  females  at 
stability  (Table  4). 

The  model  is  sensitive  to  changes  in  the 
pregnancy  rate  (p,).  This  parameter  is  consi- 
dered to  be  densitv-dependent  in  C.  ursinus. 
The  model  has  also  been  run  with  pregnancy 
rate  assumed  to  be  density-independent  at  the 
highest  and  at  the  lowest  values  estimated  for 
C.  ursinus  (0.8  and  0.6.  respectively)  I'ndcr 
these  circumstances  the  predicted  maximum 
sustainable  sealing  rate  and  the  harvest  are 
considerably  reduced  (Table  4).  The  model  is 
less  sensitive  to  changes  in  the  pregnancy  rate 


when  this  parameter  is  considered  to  be  den- 
sitv-dependent, If  the  pregnancv  rate  rela- 
tionship IS  changed  so  that  the  pregnancy  rate 
of  0.6  occurs  when  the  number  of  mature  fe- 
males is  90  %  of  its  initial  value  rather  than  at 
its  initial  value  (i.e..  if  the  number  of  pups  bom 
at  the  pregnancy  rate  ol  0.6  was  540  000  rather 
than  600000)  giving  p,  «  0.85  -  0.28  N/No. 
then  the  ma.ximuni  sustainable  rate  increases 
sHghtlv  to  34.5  T  and  the  harvest  also  increases 
(Table  4).  On  the  other  hand,  if  the  pregnancy 
rate  relationship  is  changed  so  that  the  preg- 
nancy rate  of  0.8  occurs  when  the  number  of 
mature  females  is  10  %  of  its  initial  value  rath- 
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Talk  3.  BcMltiol 

Divlral  iMcsMs4  In  Ihc  | 

Survival 
fate 

Values 
of  the 
panmeier 

Maxinram 
sustainable 
sealing 

Maximum 
sustainable 
harvest  of 

VAS  rl  1  n  Oft 

PiopuUtion 

size  of 
aduli  females 
relative  to 
initifll 

No.  yean 

10 

siabilitv 

tw 

Hi 

A  Aim 
0,714 « 
0760 

0J3 
033 

449 

450 

O508 
0510 

t7^ 

180 
172 

»« 

0.670 
U.7t4 ' 

0.760 

032 
033 

450 
450 

0.5.34 
U.3Uo 

O510 

175 
ton 

172 

0.920 

0.950 1 
0.980 

0J2 
033 
0J3 

450 
449 
449 

0534 
O508 
OS09 

172 
110 
176 

■  AU 


er  than  19.25  %  (i.e.,  if  the  number  of  pups 
bom  at  the  pregnancy  rate  of  0.8  was  80  000 
rather  than  ]54  000>,  then  the  maximum  su- 
stainable sealing  rate  decreases  slightly  to 
31.5  %  and  the  harvest  also  decreases. 

The  model  is  very  sensitive  to  changes  in 
the  survival  rate  of  pups  (S|).  When  this 
parameter  is  held  constant  at  its  estimated 
highest  and  lowest  value  in  C.  ursinus  (0.9826 
and  0.8554,  respectively),  the  model  predicts 
that  the  maximum  sustainable  sealing  rate  and 
harvest  are  both  considerablv  reduced  (Table 
4).  We  have  also  considered  the  effect  of  de- 
scribing the  variation  of  up  survival  rate  with 
pup  population  size  by  a  linear  rather  than  an 
exponential  relationship.  For  the  linear  func- 
tion we  used  the  pup  survival  rates  predicted 
by  the  exponential  relationship  when  the 
number  of  pups  is  1  %  and  100  %  of  its  initial 
value.  This  leads  to  be  functira 

s,- 0.9909-0,2431  X 

which  has  the  efTect  of  redudng  the  maximum 
sustainable  rate  to  29  %. 

These  oondusions  lead  us  to  stress  the 


importance  of  obtaining  data  on  pup  mortality 
prior  to  sealing  and  on  the  pregnancy  rale  of 
mature  females.  Projects  to  monitor  these 
parameters  in  y4./K./7tulAitisareettherincro68or 
being  planned. 

(3)    Other  harvesting  regbnes. 

Although  most  A. p.  pusillus  taken  are 
yearlings,  recoveries  of  tagged  seals  of  known 
age  in  harvests  indicate  that  a  small  proportion 
of  older  immature  seals  is  also  taken.  An 
inspection  of  the  teeth  of  dead  seals  showed 
that  the  proportion  of  seals  killed  that  were 
more  than  1  year  old  at  5  colonies  varied  be- 
tween 0.8  T  and  1 1.3  %  (Shaughnessy.  1976).  In 
addition,  there  is  a  harvest  of  seals  incidental 
to  oonunercial  fishing  operations  that  pre- 
sumal^  includes  all  age^dasses.  Thus  it  » 
instructive  to  use  the  population  model  to 
predict  the  maximum  sustamable  sealing  rate, 
yield  and  the  size  of  the  resulting  stable  adult 
female  population  for  a  variety  of  harvesting 
regimes  other  than  the  harvest  of  yearling 
seals.  Three  approaches  have  been  adopted. 
Firstty,  the  whole  harvest  is  applied  to  animals 
of  one  of  the  year-classes.  Seoondly  the  harvest 
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•  *„.__  Maximum  No.  mature  females       ^.  .  


Proportion  oT  feoude  newboni  pun: 

0J5  0.325  394  0522  189 

0.40  >  0.33  449  0.508  180 

a45  0.32  506  0  533  I. "^6 

O.SO  0.33  S6I  0.508  157 

Age  of  cow  at  tint  parturitioo: 

3yttfs  0.32  4S0  0.533  157 

4  yean'  0.33  449  0508  180 

5  years  0.32  4S0  a534  180 

Number  of  mature  females  in  equation  (2): 

N,4.,  0.325  449  0.520  164 

Nm/I  0.33  449  0.508  180 

Pregiuuicy  nte: 

p,  -  0.8.  oonsiani  0.19  351  0.626  226 

p,     0.6.  constant  0.185  263  0.646  243 

p,  =  0.85-0.28  N,/No  0.345  460  0.513  169 

p,  =  0.85-0.25  N/N,,'  0.33  449  0.508  180 

p,  "  082-0.22  N,/No  0.315  426  0.517  187 

Survival  rale  of  pups: 

S|  -  0.9826.  coiutMit  0.175  248  0l496  252 

s,  -  a8554,  oonclant  0.17  216  aSH  263 

S|  -  0.9909^243lx  0J9  331  0.453  200 

s,  -  1-0.01  (IOM«»«MS«i>)i  0J3  449  0508  180 


is  Imiited  to  seab  in  the  1st  and  2nd  year- 
classes,  and  vaPr'ing  proportions  of  them  are 
harvested.  Finally,  these  two  approaches  arc 
combined  for  a  harvest  of  varying  proportions 
of  several  age-classes.  In  each  case,  the  maxi- 
mum sustainable  sealing  rate  is  expressed  as 
the  maximum  sustainable  harvest  divided  by 
the  number  of  pups  surviving  to  the  beginning 
of  the  sealing  season.  This  seaUng  rate  is  then 
comparable  to  F  in  the  case  when  only  year- 
lings are  harvested. 

(i)    Harvest  mnieted  to  a 

For  this  manipulation  of  the  model,  two 
alterations  were  made  to  the  equations:  firstly. 


the  factor  (I  -  F)  in  equation  (3)  was  moved 

to  equation  (4).  (5)  or  (6)  as  required,  while 
equation  (3)  became 

Secondly,  equation  (7)  (defining  the  caich)  was 
altered  accordingly.  For  example,  if  the  catch 
is  composed  of  seals  in  their  third  year,  equa- 
tion (5)  becomes 


=  Pi.,  Su  (l  -F), 
and  the  catch  in  year  t  +  1  becomes 
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The  results  oi'  these  manipulations 
(Table  5)  indicate  that  both  the  maximum  sus- 
tainable harvest  and  the  maximum  sustain- 
able sealing  rate  decrease  as  the  harvest  is 
■shifted  [o  older  ace-classes. 

[  or  the  mature  temale  class,  the  maxi- 
mum sustainable  sealing  rate  is  reached  when 
a  veiy  small  proportion  of  the  mature  females 
is  harvested  annually  (0.4).  Further,  the  model 
indicates  that  harvesting  10  %  of  the  adult  fe- 
males each  year  results  m  their  number  being 
reduced  by  half  in  10  years.  Only  four  years 
are  required  if  20  %  of  the  adult  females  are 
removed  annually. 

(ii)    Harvest  ni  ist  and  lad  year  aid' 
mab 

The  effect  of  including  various  propor- 
tions of  second  year  animals  in  the  harvest  of 
yearlings  has  been  analysed  by  modifying 
equation  (4)  to 

Pn*i  -  Pu  •  Sji  -  h  •  C,.^, 

and  expressing  the  total  catch  in  year  t  +  1  as 

T,+i  ■  C,.,  -f-  h  •  C,+, 
«  (lh)P^*,  s,  F, 

where  the  number  of  animals  harvested  in 
their  second  year  is  h  times  that  harvested  in 

their  first  vcar.  The  results  of  these  manipula- 
tions (Table  6)  indicate  that  as  the  proportion 


of  second  year  animals  in  the  harvest  in- 
creases, the  maximum  sustamable  harvest  and 
the  maximum  sustainable  sealing  rate  decrease. 

When  5  %  of  the  catch  arc  seals  in  their 
second  year,  the  maximum  sustainable  .sealing 
rate  is  reduced  to  32  %  from  33  %  when  only 
yeariings  are  harvested.  When  9  IS  of  the  eaten 
are  second  years,  the  maximum  sustainable 
sealing  rate  is  further  reduced  to  3 1  %. 

(iii)  Harvest  of  move  Aaa  two  age- 
dasses 

Table  7  illustrates  two  examples. 

Firstly  when  the  winter  harvest  consists 
of  93  %  yearlings,  5  %  2nd  years  and  2  %  3rd 
years,  the  maximum  sustainable  harvest  de- 
creases slightly  from  449  (when  only  yearlings 
are  taken)  to  433,  while  the  maximum  su- 
stainable sealing  rate  decreases  from  33  H  to 
31  %. 

Secondly,  when  a  small  proportion  of 
the  mature  animals  (0.005)  is  taxen  each  year 
additional  to  the  above  harvest  of  immatures, 

the  maximum  sustainable  harvest  decreases  to 
407  (382  immatures  and  47  matures)  and  the 
maximum  sustainable  sealing  rate  is  31  %. 


Discussion 

The  harvest  of  A. p.  pusillus  is  directed  at 
young  immatures  (predominantly  yearlings) 


1  able  5.    Lhc  effect  of  hanesling  different  age-classes  on  the  niaximum  sustainable  yield  and  population  si^e  of  A.p.  pusillus  females 


Age-class 
harvested 


Value  of 
for 
MSY 


Maximum 
sustainable 
yield 


Maximiim 
sustainable 

scaling 
rate 


No.  auiture  femaies 
relative  to  initial 

pupulalion 
(N,/No) 


No.  \-ean 

to 

sl,ibilii\ 
(I) 


0  + 

1  + 

2  4- 

3  + 
Mature 


0J3 

0.325 

0J3 

0.32 


449 
321 
229 
218 
218 


0.330 

0.232 
0.169 

aiss 

0.1S7 


0.S08 

0.521 
0.508 
0.532 
0322 


180 
173 
178 
166 
137 


173 
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Table  6,  The  dTccI  of  harvtsliiig  viirioas  prorortfons  of  fini  aiMl  second  year  animals  on  the 


sustainable  yield  and 


Ptoportion  of 
second  veafs 
in  harvest 
h/(l  -fh) 

Value 

or  h 

Value 
of  F 
for  MSY 

Maximum  sustainable  yield 
Total 

year  year 

Maximum 
susiaiiuble 

rate 

No  miiiijre  females 
fifrlfllivfr  lf>  ifiitiAl 
DODulation 

to 

slahilitv 

<tl 

0' 

0 

.33 

449 

0 

449 

.330 

.508 

180 

0.050 

aos3 

.305 

418 

22 

440 

.321 

.514 

177 

0.091 

0.1 

.285 

384 

39 

443 

.313 

.521 

168 

0.167 

.2 

255 

331 

70 

421 

.306 

.517 

169 

0.231 

.3 

23 

316 

95 

411 

.299 

.517 

176 

0J33 

3 

.19 

264 

132 

396 

285 

.525 

173 

0.412 

.7 

.162 

227 

159 

386 

.276 

.331 

170 

0.3 

1.0 

.135 

187 

187 

374 

.270 

.523 

174 

o.« 

1.5 

.103 

143 

217 

.362 

.263 

.519 

176 

0^7 

2. 

.085 

118 

236 

355 

.255 

J25 

173 

OA 

4. 

.05 

68 

272 

340 

2^n 

.508 

IHI 

OJtS 

S.667 

.035 

SO 

284 

}}4 

2.'!.^ 

.549 

163 

1> 

.325 

0 

321 

321 

.232 

.521 

173 

Fnm  TiMe  2. 


because  this  is  one  of  the  most  common 
age-classes  in  the  colonies  and  it  produces  the 
most  valuable  pelts.  Changmg  the  emphasis  of 

the  harvest  to  older  immatures  would  not  be 
possible  due  to  their  scarcity  in  the  colonies, 
with  the  exception  of  the  Cape  Cross  colony 

where  many  of  them  haul-out  regularly  on  the 

hcach  south  of  the  main  breeding  area.  Be- 
cause pup  production  of  colonies  is  compara- 


tively simple  to  monitor  through  aerial  pho- 
tography and  the  tag- recapture  technique 
(Best  and  Rand,  1975:  Shaughnessy,  1976), 
any  errors  that  occur  in  the  management  of  the 
yearling  harvest  can  be  rectitled  relatively 
promptly.  The  long  time-lag8  in  the  response 
of  the  population  to  manipiuation  make  such 
monitoring  essential 

Manipulations  of  the  population  model 


TaMe  7.  The  cfGect  of  harvesting 
of  A.p.  pmiBHs  females 


yield  and  popalation  size 


Proportion  of  immature 
catch  in  each  age-class 

0+            1+  2+ 

Pniportion 
of  mature 

popubtion 
harvested 

Maximum 
sustainable  yield 

Immatare  Mature 

M;i\imum 
sustainable 
sealing 
rale 

No.  mature  females 
relativ  e  to  mitial 
population 
(N,/No) 

No.  years 
to 

Stability 

1.0' 

0 

0 

0 

449 

0 

.330 

.508 

180 

.95* 

OS 

0 

0 

440 

0 

.321 

.514 

177 

.91 2 

09 

0 

0 

443 

0 

313 

521 

168 

.93 

.05 

.02 

0 

433 

0 

.310 

.528 

171 

.92 

.05 

.02 

.005 

382 

25 

.308 

.489 

183 

'  trom  t  able  2.  for  a 
'  From  TaMe     for  cwninitioo. 
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indicate  that  the  maximum  sealing  rate  for  a 
sustained  harvest  of  youna  immatures  is 
slightly  over  30  %  of  the  rnuroer  of  pups  sur- 
viving to  the  beginning  of  the  sealing  season. 
The  pup  production  estimates  made  bv  the 
tag-recapture  method  (including  estimates 
from  the  reooveiy  of  tags  in  the  harvest)  refer 
to  the  popuhition  size  at  tagging  in  mid-Jan- 
uarv  when  pups  average  6  weeks  of  age.  Since 
most  of  the  natural  mortality  in  the  first  year  of 
life  occurs  in  the  first  few  weeks,  these  pup 
population  estimates  will  not  differ  much  from 
the  number  of  pups  surviving  to  the  beginning 
of  the  sealing  season  (when  they  average  8 
months  of  age).  Thus  the  maximum  sustain- 
able sealing  rate  can  be  applied  to  these  pup 
production  estimates  to  obtain  quotas  for  the 
harvest. 

Although  the  harvest  is  directed  at 
yearlings,  more  information  should  be  ob- 
tained on  the  mortality  rate  of  adult  females 
incidental  to  the  fishing  industry,  as  the  popu- 
lation model  indicates  that  such  mortaUty  can 
strongly  affect  the  maximum  sustainable  har- 
vest and  sealing  rate. 

In  the  event  of  the  collapse  of  the  sealing 
industry  for  A. p.  pusillus  pelts,  the  managers  of 
the  heras  might  consider  oontiolling  the  pop- 


ulation  level  by  harvesting  adult  females, 
another  age-class  which  is  present  at  the  colo- 
nies in  large  numbers  at  predictable  times  of 
the  year.  However,  such  a  harvest  could  jeop- 
ardize the  population  since  this  age-class  is 
very  sensitive  to  even  small  amounts  of  har- 
vesting. Thus  it  is  not  surprising  that  the  early 
sealers  of  A.ft.  jnmllus  in  the  1 7th  and  1 8th 
century,  who  were  harvesting  indiscriminatelv 
and  usually  during  the  breeding  season,  had- 
such  a  drastic  effect  on  the  population  level. 
Furthermore,  monitoring  the  size  of  the  adult 
female  population  would  be  difTiculi.  This 
could  be  done  indirectly  by  monitoring  the  size 
of  the  pup  population  (as  is  done  currently), 
but  would  reouire  a  knowled|e  of  the  preg- 
nane rate  at  difierent  population  levels. 
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MODELLING  SEAL  POPULATIONS  FOR  HERD  MANAGEMENT 


CK.  Capsticx  and  K*  Ronald 


Absuud 

A  brief  description  of  Allen's  life-table  model  of  the  population  of  haqi  seab,  Pi^fh 

philus  ^ri)enhitulicus.  in  the  western  Ncirth  Atlantic  is  given,  with  flow  charts  of  its  computer 
programme.  The  model  operates  on  the  number  ot  seals  m  each  year-class,  applying  in  each 
year  the  foOowmg  sequence:  births,  deaths  1^  hunting,  natural  mortality  and  ageing  by  one 
year.  The  first  3  parameters  can  be  difTerent  f^r  each  vear-class  or  uniform  for  the  population: 
the  initial  size  of  the  population  can  be  taken  to  be  the  sum  of  all  year-classes  or  calculated 
from  a  [x^pulation  of  pups  only. 

The  rnoJcl  is  rnoJificiJ  to  include  a  birth  rate  which  is  density  dependent:  this  is  derived 
from  a  density-dependent  female  maturity  rate  based  on  a  cumulative  normal  frequency 
distribution  and  on  a  fiinction  describing  the  recorded  drop  in  age  at  sexual  maturity  fVom 
about  5'i  to  4'4  years  between  iho  earlv  fifties  and  the  earl\  sixties.  A  maximum  birth  rate 
and  minimum  age  at  first  birth  are  also  included,  here  set  at  90  %  and  age  4,  respectively. 
Within  certain  limits,  the  mcxlified  model  shows  a  slower  rate  of  decline  in  the  size  of  declining 
exploited  p<ipulationv  il  u  i  !  !  cs  ihc  model  in  which  the  birth  rate  is  not  related  to  p>opulation 
size:  using  the  model  wKhout  densii\  dependence,  a  herd  of  harp  seals  constructed  from  a 
population  of  250  CKXJ  pups  began  to  decline  toward  extinction  under  2  diflerent  rates  of 
harvesting  after  IS  and  28  years,  respectively;  using  the  other  model,  the  herd  began  this 
decline  at"lcr  19  years  in  the  first  case  and  was  Still  sustainable  after  50  years  in  the  second.  To 
help  determine  whether  it  is  the  harvest,  natural  mortality  rates  ol  certain  age  classes  or  both, 
which  are  causing  the  decline,  the  model  can  be  used  to  simtdate  the  history  of  the  population: 
with  regard  to  harp  seals  in  the  western  North  Atlantic,  if  the  estimated  average  natural 
mortality  rate  of  M  %  per  year  is  near  the  true  mortality  rate,  examples  in  ihts  paper  indicate 
that  himting  of  these  seals  must  be  reduced.  There  is  a  need  to  develop  stoditttic  models 
whidi  can  accommodate  the  chance  variations  in  the  values  of  imponant  parameters  of  this 
population. 


Resum^ 

Les  auteurs  d^crivent  bri^vement  le  modele  d'Allen  bas^  sur  des  tableaux  de  longiviti 
de  la  population  de  phoques  du  Graenland.  Pagophilus  gmaUeauBaUt  de  l*Atf antique 

nord-ouest,  ainsi  que  les  sch^mas  de  son  programme  d'ordinateur.  Le  modile  porte  sur  les 
effectifs  de  chaque  classc  d'age  annueUe  en  appliquant.  pour  chaque  annie,  la  sequence 
suivante:  naissances.  mortality  rfeultantde  la  chasse,  mortality  naturelle  ct  vieillis&emeni  d'un 
an.  Les  trois  premiers  parametres  peuvent  £tre  ditft^rcnts  pour  chaqtie  dasse  annuelle,  ou 

uniformes  pour  la  population;  la  laille  initiale  de  la  population  peut  fitre  considcr(!-e  comme 
elant  la  somme  de  toutes  les  classes  annuelles  ou  peut  ^tre  calculee  seulemcnt  a  partir  d  une 
population  de  nouveau-n£s.  177 
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Lc  modcic  est  modifl^  pour  inclure  un  taux  de  natality  dependani  Je  la  densiti;  il  est 
obtenu  k  partir  d'un  taux  de  maturite  des  femelles  dependant  de  la  dcniiiit^,  bas^  sur  une 
distribution  de  fWquence  normale  onnolative  et  sor  une  fonction  dtoivant  ratmissement 
emegistri  dc  I'age  dc  la  maturity  scxucllc  de  5'^;  a  4'i  ans  cntre  !e  debut  des  annees  50  et  le 
d^but  des  annees  60.  Un  uux  maximum  de  naialii<^  ci  un  age  minunum  a  la  premiere 
naissanoe  sont  ausri  indos;  ils  soot  fixds  ici,  respectivement,  1 90  %  et  4  ans.  Dans  certaines 
limitcs.  le  mixJ^le  modified  fait  ressortir  un  taux  plus  lent  dc  diminution  de  la  taille  des 
populations  exploit^es  en  fldchissement  que  ne  le  fait  ie  module  oil  le  laux  de  oatalili  n'est  pas 
Hi  k  la  taffle  de  la  population:  en  utilisant  le  module  sans  d^pendance  k  Pigard  de  la  dendti, 
un  tnnipeau  de  phoques  du  Groenland  construit  sur  une  population  de  250000  jeunes  a 
commence  a  fl^chir  en  direction  de  I'extinction,  avec  deux  dilTdrents  taux  d'exploitation  apris 
15  ans  et  28  ans,  respectivement;  en  utilisant  Tautre  modile,  le  troupeau  a  manifest^  ce  didin 
apres  1 9  ans  dans  le  premier  cas  et  ^tait  toujours  exploitable  apris  SO  ans  dans  le  second.  Afin 
de  determiner  plus  facilement  si  c'est  rexploitation.  le  taux  de  mortalite  de  certaines  classes 
d'age,  ou  une  combinaison  des  deux,  qui  provoquc  lc  declin.  le  modele  peut  etre  employe  pour 
simuler  revolution  historique  de  la  population,  dans  le  cas  des  phoques  du  Groenland  de 
TAtlantique  nord-ouest,  si  le  taux  estimt'  dc  la  mortalite  naturelle  movenne  de  II  par  an  est 
proche  du  veritable  taux  de  mortalite.  Les  exeniples  t'oumts  dans  le  prt^sent  rapport  mdiquent 
que  la  diasse  de  oes  phoques  doit  toe  r6duite.  II  est  nteessaire  d'dlaboier  des  moddes 
siochastiques  qui  peuvcnt  lenir  o^mpte  des  variations  dues  au  hasard  de  la  valeur  des 
param^tres  importants  de  ceite  population. 

Extneto 

Se  presenta  una  breve  descnpcion  del  modelo  de  tabias  vitales  de  Allen  para  la  pobia- 
ci6n  de  foca  de  Groenlandia  (Pagi^tklhts  gmenhmSaa)  6tA  noioeste  del  Atl&ntico  y  una 

descripci^n  dc  las  diversas  elapas  dc  la  ejecuci6n  del  cdrrespondicntc  programa  para  calcu- 
ladora.  El  modelo  trabaja  sobre  la  base  del  niimero  de  tbcas  de  cada  clase  anual,  aplicando  en 
cada  alto  la  siguieiile  secuenda:  nadmientos,  muertcs  por  capture,  mortalidad  natural  y 
determinaci6n  de  la  edad.  Los  tres  primeros  pardmetros  puedcn  scr  divcrsds  scgun  la  ciase  de 
edad  o  uniformcs  para  toda  la  pobiacidn;  para  determinar  la  poblacion  inicial  puede  utilizarse 
la  suma  de  lodas  las  dases  anuales  o  haoer  un  dUculo  a  partir  de  una  poblad6n  de  cachonos 
solamente. 

Se  modifica  d  modelo  para  induir  un  indice  de  nadmientos  dcpcndicnte  de  la  densi- 
dad,  que  se  obdene  a  partir  de  un  indice  de  madurez  de  las  hembras  (dependienle  tambidn  de 

la  densidad)  basado  en  una  distribuci6n  cumulaliva  normal  de  frecuencias  y  en  una  Tuncidn 
que  describe  la  disminuddn  que  se  ha  registrado  en  la  edad  en  d  momento  de  la  madurez 
sexual,  que  ha  bajado  de  5K  a  4%  alios  entre  pri  ncipios  de  los  aAos  dncuenia  y  prindpios  de  los 
afios  sesenta.  Se  incluye  tambidn  un  indice  maximo  de  nadmientos  y  una  edad  minima  en  el 
primer  parto,  fijados,  respectivamente,  en  90  por  dento  y  cuatro  aAos  de  cdud.  Ocntro  de 
dertos  limiles.  cl  modelo  modiflcado  muestra  un  indice  mds  lento  de  disminuci6n  del  volu- 
mende  las  poblaciones  explotadas  que  el  modelo  en  el  que  el  indice  denadmieilliOBiloaepoae 
en  relaci6n  con  el  volumen  de  la  poblaci6n;  usando  el  modelo  en  el  que  no  se  tiene  en  cuenta 
la  densidud  de  la  poblaci6n,  un  rebaflo  de  focas  de  Groenlandia  con  una  poblaci6n  de 
250  000  cachorros  empicza  a  disminuir  acercindose  a  la  cxtincion  al  cabo  de  15  y  28  aAos.  con 
dos  indices  distintos  dc  cxplotacion;  con  el  olro  modelo.  cl  rebafio  inicia  esa  disminuci6n  al 
cabo  de  19  nAu^,  en  la  pnnicra  hipotesisy  sigue  dando  un  rendimientosostenible  al  cabo  de  50 
aAos  en  la  segunda.  F^ra  determinar  si  es  la  exploladbn.  la  mortalidad  natural  de  determi- 
nadas  clases  de  edad.  o  ambas,  lo  que  determina  la  disminucion.  el  modelo  puede  utilizarse 
para  simular  la  historia  de  la  poblaci6n.  Por  lo  que  se  reliere  a  las  focas  de  Groenlandia  del 
noroeste  dd  AtUntioo,  si  la  mortalidad  ■atural  media  cstimada  del  II  por  dento  al  ailo  se 
178    aoerca  a  la  mortalidad  leai,  los  ejemplos  diados  ea  este  documenio  indican  que  es  necesario 
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reducirla  cxplotaci6n  dc  csas  focas.  Fa  nccc^arid  prcparar  m<H!cl(is  cstociislicos  que  pcnniUUl 
tencrcncuenta  las  variaciones  aleatorias  de  los  valores  de  algunos  parimetros  importantesde 
csta  poUadAn. 
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iDtrodiictioB 


During  the  last  twenty  yeais,  biologists 

have  become  increasingly  involved  in  the 
modelling  and  simulation  of  complex  ecologi- 
cal systems,  made  feasible  by  the  computation- 
al speed  ofeleGtronic  computers.  The  Use  of 
such  models  by  fisheries  biologists  and  terres- 
trial wildlife  managers  is  now  common-place 
in  the  study  of  population  dynamics  and  in  the 
I  evaluation  of  ahemative  management  strate- 
gies  for  exploited  species.  Although  many 
pinniped  populations  are  presenll\  exploited 
by  man,  the  use  of  simulation  models  as  a 
scientific  and  management  tool  in  this  process 
has  been  limited  (Chapman,  1961;  Allen, 
1975). 

Starting  from  Alien  s  (1975)  life  table 
model  of  the  northwestern  Atlantic  harp  seal 
(Pagophilus  ^roenlandicus)  continuous  at- 
tempts have  been  made  to  increase  the  corre- 
spondence between  the  behaviour  of  the  model 
and  this  exploited  population.  A  simultaneous 
development  of  input  and  output  facilities  for 
the  models  is  needed,  to  make  them  more 
readily  understood,  and  used,  by  those  re- 
sponsible for  herd  management  decisions. 

This  paper  sets  out  to  give  an  expanded 
account,  not  previously  published,  of  the  basic 
sequence  of  operations  used  to  compute  Al- 
len^s  (1975)  model  of  the  northwestern  At- 


lantic harp  seal.  It  also  describes,  as  part  of  the 
process  of  model  development,  one  densi- 
ty-dependent pupping  relationship,  together 
with  other  modifications  intended  to  make  this 

particular  model  more  rcadilv  available  to 
those  concerned  with  the  management  of  this 
herd. 


The  life  table  model 


The  basic  life  table  model  for  harp  seals 
in  itie  Northwest  Atlantic  is  described  by  Allen 
(1975).  It  uses  the  life  table  modelling  tech- 
niques described  bv  Leslie  (1945.  1948).  making 
specific  adaptations  for  the  Northwest  Atlantic 
harp  seal  herd.  I  he  model  operates  on  the 
numbers  of  seals  in  each  of  30  year  classes, 
applying  in  each  year  the  following  major  se- 
quence: births,  deaths  by  hunting  in  the 
whelping  and  moulting  patches,  natural  mor- 
tality and  ageing  by  one  year.  The  numbm 
remaining  in  each  year  class  then  form  the  basic 
life  table  data  for  the  next  annual  cycle  of 
calculations,  and  so  on,  over  whatever  period  is 
being  modelled.  Birth  rates,  catch  statistics  and 
natural  mortalities  can  be  specific  to  individual 
year  classes  or  unilbrm  for  the  population.  The 
initial  population  can  either  be  specified  as  the 
numbers  in  each  year  dass,  or  calculated  frcMn  179 
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an  initial  population  of  pups  only.  In  the  latter 
case  the  population  constructed  corresponds 
to  a  stable,  imeimloited  herd. 

Overview  flowdiafts»  not  pievknitfy  pub- 
lished, describing  the  computer  programme 
used  to  implement  this  model  are  shown  in 
Figure  1  (oata  input)  and  Figure  2  (annual 
calculations).  The  principal  modifications 
made  to  the  original  programme  oonoem: 

1)  Changing  the  model  to  operate  in 
interactive  mode  under  IBM's  Time 
Sharing  Operating  (T.S.O.)  system 
on  most  standard  computer  termi- 
nals. 

2)  Alterations  to  the  programme  to  re- 
duce input  errors  made  on  the  termi- 
nal keyboard. 

3)  The  addition  of  facilities  to  imple- 
ment density-dependent  birth  rates 
by  age  class,  as  described  below. 

The  possihilitv  of  adding  density-dependent 
natural  mortality  rates  for  individual  age  clas- 
ses is  currentfy  being  explored. 


A  model  of  density-dependent  birth  rates 


Data 

Sergeant  (1966)  gives  (he  basic  data  on 
harp  seal  maturity  rates.  He  states  that  the 
herd  is  divided  gec^af^ically  into  2  distinct 
breeding  populations,  one  in  the  Gulf  of  Si 
Lawrence  (GuiO  and  the  other  otT-shore  Irom 
Newfoundland  and  Labrador  (Front).  Conse- 
quently the  data  are  presented  on  a  geograph- 
ical basis.  The  data  show  differences  be- 
tween the  maturity  rates  of  female  seals  taken 
from  the  2  geographical  stocks,  and  between 
samples  (from  both  stocks)  taken  in  the  early 
1950's  and  the  early  1960's.  The  mean  age  at 


sexual  maturity  declined  over  the  decade  from 
5'/^  to4years  in  the  Front  .sample,  and  from  SVi 
to  5  years  in  the  Gulf  sample  (Sergeant,  1966). 

For  the  purpose  of  deriving  density-de- 
pendent female  maturity  rates  for  the  herd  as  a 
whole,  no  distinction  is  made  here  between 
Gulf  and  Front  stodcs.  The  geographical  di- 
stinction in  the  data  has  been  ignored  and  the 
Gulf  and  Front  samples  are  combined. 
Instead,  they  have  been  divided  into  two  time 
periods,  one  for  1951/54  and  the  other  for 
1961/65  (Table  1).  When  time  is  taken  as  the 
distinctive  parameter,  it  will  he  seen  that  the 
age  at  which  50  %  of  female  seals  mature  de- 
cuned  from  between  ages  5  and  6  in  195 1  /54  to 
between  ages  4  and  S  in  1 96 1  /65.  These  dianges 
in  female  reproductive  maturity  corre- 
spond to  a  decline  in  herd  size  from  approxi- 
mately 3  million  in  the  eariy  1950*s.  O^isher. 
1955).  to  perhaps  2  million  in  the  early  1960's. 
as  implied  by  various  estimates  of  pup  pnv 
duction  in  the  literature  (Sergeant,  1966). 


Development  of  a  model 


The  1953  maturity  data  has  a  mean  of 
5.49  years  "and  a  standard  deviation  of  1.07 
yeara,  while  the  1964  data  has  a  mean  of  4.77 
years  and  a  standard  deviation  of  1.16  years 
(Figure  3).  As  the  difference  between  the  va- 
riances of  these  2  samples  was  not  found  to  be 
significant  at  the  0.1  %  level,  a  odmmon  stan- 
dard deviation  of  1.118  years  was  calculated 
from  the  p<^olcd  variances.  This  figure  was 
used  as  the  standard  deviation  of  all  subse- 
quent maturity  ogives.  This  basic  data  shows  a 
good  fit  to  a  cumulative  ncmnal  (Gaussian) 
frequency  distribution. 

The  formula  for  the  cumulative  normal 
frequency  distribution  is  given  by: 


_  — L_  e-^-rt^'-'dt  ...  (I) 
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section  1)1  ihc  nuxlcL 


181 


Copyrighted  material 


C.K.  CAPSnCK  A  K.  RONALD 


MODELUNC  SEAL  POPULATIONS  FOR  HERD  MANAGEMENT 


TaUe  I.  RcprodMthfC  Mates  of  fciiMJe  kup  FtgapkUKsgmentomlkui  seals  far  die  periods  19SMtS4  wd  I96I-196S.  Gulf  and  Front 

^  at  imtmity  Mhed  as  age  at  firat  ovahtloa  Fnm  SoBHOt 
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where 

/[I  =  average  age  at  maturity 
a  =  standard  deviation  of  age  at  matu- 
rity 

Usinii  the  cumulative  normal  frequencv 
distribution  us  the  basis  tor  a  density -dcpcnJ- 
ent  function  has  one  principal  advantage:  the 
normal  distribution  is  completely  specified  bv 
the  mean  and  standard  deviation.  If  it  is  rea- 
sonable to  assume  that  the  standard  deviati<Hi 
of  these  maturit\  >  l  i  .xs  can  be  regarded  as 
constant,  then,  to  describe  a  family  of  repro- 
ductive ogives  for  dillcrent  herd  sizes,  the 
mean  is  the  onl>  parameter  which  need  vary. 
In  terms  of  harp  seal  maturities,  the  mean  is 
defined  as  the  average  age  at  maturity  which, 
for  the  normal  distribution,  corresponds  to  the 
age  group  in  which  SO  %  of  the  females  are 


mature.  MaturiQr  is,  in  turn,  defined  by  Ser- 
geant (1966)  for  these  data  as  "age  at  first 
ovulation'*. 

A  density -dependent  tunciion  relating 
age  at  50  %  maturity  to  herd  size  is  postulated 
which  has  the  following  characteristics: 

a)  The  general  relationship  is  described 
by  the  tunction 

M  =  F(H)    (2) 

where 


ft  =  average  age  at  maturity  and 
H  ->  herd  size  in  millions 

b)  The  function  should  fit  the  two 
known  points:  183 
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FIG  .  3.  -  Rdalkwsbip 
hct>ivccn  maturity  of 

female  h.irp  scils  ;ind 


age.  From  Sergeant 

AGE  IN  YEARS  0966^ 


Herd  size  Average  age  at  maturity 
(Millions) 

3.0  (I950's)  5.49 
2.0  (1960's)  4.77 

184  c)  The  functioii  should  become  asymp- 


totic at  ages  6-7  for  large  herd  sizes, 
say  greater  than  5  million. 

d)  The  function  should  exhibit  the 
greatest  rate  of  change  between  herd 
sizes  of  3  million  and  just  less  than  1 
miUion. 
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Using  these  characteristics,  b)  was  ex- 
trapolated according  to  c)  and  d)  and  a  series 
of  possible  functions  were  postulated  and  fit- 
ted using  a  least  squares  fitting  technique.  Ex- 
ponential and  natural  logarithmic  functions 
were  explored  on  a  trial  basic.  The  best  fit  was 
given  by  a  function  of  the  general  type: 

fi  -  a  +  blog^    (3) 

where  n  =  average  age  at  maturity 

H    herd  size  in  millions 
a  and  b  »  parametets 

The  function: 

fi-  3.711  +  1.5976  log^    (4) 

is  proposed  as  an  initial  hypothesis  describing 
the  relationship  between  herd  size  and  mean 

age  at  maturity  (Figure  4)  This  relationship 
satisfied  all  of  the  characteristics  described 


above. 

Using  equations  1  and  4,  and  suhsii lut- 
ing for  /I  in  the  formula  for  the  cumulative 
normal  frequency  distribution,  die  oompkle 
model  becomes: 

F(X)« 

J  — L — c-"-<""*'^'*'^^ii'/2^dt  (5) 
where 

F(X)  =  proportion  of  mature  female  seals  at 
ageX 

H  »herd  size  in  millions 
a  =  standard  devialiim  of  age  at  matur- 
ity 

When  plotted  for  different  herd  sizes  this 
model  produces  a  family  of  maturity  ogives  as 
shown  in  Figure  5. 
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In  order  to  use  this  theoretical  model  of 
female  harp  seal  maturity  in  a  life  table  model 
of  the  harp  seal  population  as  a  whole,  certain 
oonstraints  are  necessar>  .  First,  the  densi- 
Iv-dependent  relationship  between  herd  size 
and  female  maturity  must  be  converted  to  a 
relationship  between  herd  size  and  birth  or 
pupping  rates.  As  conception  takes  place  in 
March,  previous  to  the  birth  of  pups  in  late 
February/early  March  of  the  following  year, 
this  simply  means  moving  the  ogives  for  all 
herd  sizes  cme  year  to  the  right  (Sergeant,  1966, 
1973). 


100 


The  model  used  to  calculate  the  propor- 
tion of  female  seals  pupping  (as  distinct  from 
those  reaching  maturity)  is  therefore: 
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where 


F(Xp)  —  proportion  of  female  seals  pupping 
at  age 
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H  —  herd  size  in  millions 
o  =  standard  deviation  of  age  at  pup> 
ping 

Second,  allowance  must  be  made  for 
mature  females  that  do  not  become  pregnant, 
or  that  become  pregnant  but  do  not  produce  a 
pup  which  survives  to  birth.  It  is  proposed  that 
this  be  implemented  bv  imposing  a  maximum 
on  the  percentage  of  seals  that  produce  a  pup 
that  survives  to  birth.  There  is  evidence  (Ser- 
geant, ]971;0ritsland,  1971),  that  this  is  about 
90  %,  but  in  case  new  evidence  might  change 
this  in  the  future,  the  computer  programme 
implementing  the  density-dependent  birth 
rate  model  accepts  this  percentage  as  input 
data. 

Similarly,  there  is.  as  vet.  no  evidence 
that  harp  seals  give  birth  at  any  age  below  4. 
Until  conflicting  evklence  is  forthcoming,  the 
minimum  age  at  which  a  female  harp  seal  can 


give  birth  is  also  accepted  as  input  data,  and 

set  at  age  4,  The  minimum  pupping  age  can  be 
changed  by  supplying  different  values  lor  this 

Earameter  as  input  data.  Birth  rates  for  ages 
!ss  than  the  minimum  pupping  age  are  set 
equal  to  zero.  The  transformed  birth  rate  o- 
gives  are  shown  in  higure  6.  with  sample  re- 
strictions on  maximum  pupping  percentage 
and  minimum  puppmg  age  super-imposed. 


Tlie  effect  of  density-depeiiilent  puppiiig 
rates 


The  effect  of  density-dependent  pup- 
ping rates  can  best  be  demonstrated  c^n  a  de- 
clining pK)pulation.  1  he  particular  smiulation 
runs  used  in  this  example  are  based  on  a 
stable,  unhunted  herd  constructed  by  the 
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model  from  a  population  of'25()  (XX).  The  group 
age  class  structure  of  this  particular  herd  is: 


Age  Group 
(Yean) 

0-  I  (pups) 

1-  2  to  5-7 
6-7  to  29-30 

Total 


Number  of  Seals 
(Thousands) 

250 
472 
559 


1281 


Two  hunts  were  chosen  to  produce  dif- 
ferent rates  of  population  decline  when  densi- 
ty-dependent pupping  rates  were  not  in  effect. 
The  actual  catch  in  1976  of  about  164  000  seals 
was  apportioned  into  134  000  (82  ^)  adults. 
The  proportions  are  those  estimated  from 
available  hunt  data  for  1973,  1974  and  1975. 
Using  the  same  proportions,  the  less  severe 
hunt  of  127  000  seals  (the  1976  quota  plus  al- 
locations) was  apportioned  into  104  000  pups, 
15  000  bedlamers  and  8  000  adults.  The  aver- 
age annual  natural  mortality  was  set  at  11  %, 
arul  the  simulation  was  to  run  for  50  years 
from  1976  to  2026. 

Without  the  density-dependent  features 
the  simulation  of  tiie  more  heavify  hunted 
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herd  stops  in  1991  (Fit^urc  7):  the  more  lightlv 
hunted  herd  simulation  stops  in  2004  (the  si- 
mulation model  stops  when  the  hunt  takes^all 
of  the  annual  pup  production,  and  the  first  3  or 
4  age  classes  are  empty). 

The  elfect  of  density  dependent  pupping 
rates  is  different  on  the  two  decHning  popula- 
tions. In  the  heavily  hunted  herd  the  cessation 
of  the  simulation  run  is  delayed  from  1991  to 
1995,  while  the  simulation  of  the  more  lightly 
hunted  herd  is  still  running  in  2026  instead  of 
stopping  in  2004.  Clearly,  the  efficacy  of  the 
proposed  density-dependent  pupping  rela- 
tionship -  as  a  negative  feedback  which  tends 
to  stabilize  the  population  as  a  system  -  is 
affected  by  the  rate  of  decline  of  the  popula- 
tion. 

Thus,  if  a  population  is  dechning  beyond 
a  certain  rate  (which  is  as  yet  undetermined), 
then  no  reasonable  density-dependent  rela- 
tionship is  going  to  save  it. 


Discussion 

There  is  evidence  to  indicate  that  pup- 
ping may  occur  at  eailier  ages  as  the  herd  size  of 
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the  Northwest  Atlantic  harp  seal  dechnes 
(Sergeant  1966, 1973).  At  present  the  biotogi- 

cal  data  only  apply  to  herd  sizes  varying  be- 
tween about  2  and  3  million  animals,  hut  it  is 
reasonable  lo  assume  thai  such  a  relationship 
is  not  limited  to  these  herd  sizes;  the  only 
question  at  issue  is  its  specification. 

The  relationship  proposed  here  is  only 
one  of  a  number  of  possible  hypotheses,  but  it 
does  have  certain  pioperties  which  would  be 
expected  of  any  reasonable  density-dependent 
pupping  rate  mechanism.  First,  it  is  unreason- 
able to  assume  a  linear  change  of  the  mean  age 
at  maturity  with  herd  size,  as  this  would  imply 
such  biological  absurdities  as  minimum 
breeding  ages  oi  1  or  2  years  in  very  small 
herds,  or  very  high  minimum  breeding  a^es  in 
large  herds.  The  proposed  relationship  is 
therefore  non-Iincar.  and  limited  with  respect 
to  the  range  of  variables  (both  age  and  herd 
size),  over  which  it  holds. 

As  used  in  this  modd«  the  relationship  is 
limited  at  small  herd  sizes  by  restricting  the 
minimum  puppuig  age.  I  his  is  specified  as  an 
input  variable  (Figure  1)  and  constrains  the 
family  of  ogives  in  such  a  way  that  the  pupping 
rates  in  the  vector  below  this  minimum  pup- 
ping age  are  set  equal  to  zero  (Figure  6). 

The  assumption  that  tfie  relationship 
becomes  asymptotic  with  respect  to  the  aver- 
age maturity  age  at  large  herd  sizes  is  not  likely 
to  be  a  serious  problem  in  modelling  a  herd 
which  has  dedined  ftom  an  annual  pup  pro- 
duction  of  probablv  more  than  600  000  in  the 
early  1950's  (Fisher,  1955),  to  perhaps  less  than 
200  000  in  1975  (Lavigne  et  al.,  1976).  The 
relationship  is  intended  to  be  included  in  fu- 
ture forecasts  produced  by  the  model,  until 
such  time  as  a  "tietter^'  proposal  is  developed. 

With  the  Northwest  Atlantic  harp  seal 
herd  now  estimated  at  a  size  somewhere  less 
than  1  million  to  1.5  million  animals,  there  are 
some  significant  implications  for  herd  man- 
agement. At  this  size  of  herd,  female  seals 
should  be  pupping  earlier  than  previously  re- 
corded. The  hypothesis  proposed  here  suggests 
that  7  %  of  females  should  be  pupping  at  age  3 
when  the  herd  size  is  1  million,  and  wout  3  % 


pupping  at  age  3  when  the  herd  size  is  1.5 
million.  In  herds  of  this  size  food  is  unlikely  to 

be  a  limiting  factor.  Since  it  is  also  probable 
that  pupping  is  cK'curring  earlier,  all  factors 
favour  an  mcrease  in  herd  size.  Therefore  any 
further  decrease  in  herd  size  is  likely  to  be  the 
result  of  excessive  hunting  pressure,  some 
other  kind  of  human  mtervention,  or  the  herd 
havmg  fallen  below  some  critical  size  for 
sustainability. 

Forecasts  made  with  the  density-depend- 
ent feature  added  to  the  model  are  more  op- 
timistic than  when  this  feature  is  omitted, 
within  limits  W^hich  depend  on  assumptions 
about  the  rate  of  decline  of  herd  si/e.  In  the 
example  given  above,  either  the  hunting 
pressure  is  too  great  to  allow  the  pups  bom 
earlier  to  contribute  sufficient  recruitment  into 
the  breeding  slock  to  hall  the  decline,  or  the 
average  annual  natural  mortaUties  are  too 
high.  One  approach  to  estimating  natural 
mortalities  is  to  use  the  model  to  simulate  the 
histor>'  of  the  herd.  Using  known  hunt  statis- 
tics and  starting  sufficiently  far  back  in  time 
to  eliminate  the  initial  conditions  from  the 
model,  it  is  possible  to  derive  by  experiment 
the  minimum  natural  mortality  rates  which 
generate  estimates  of  pup  production  and  total 
population  which  mimic  me  published  histor- 
ical estimates  of  these  parameters.  The  esti- 
mates from  such  an  approach  can  then  be 
compared  lo  the  estimates  of  natural  moriahly 
derived  by  Allen  (197S),  from  total  annual 
mortaUty  estimates  made  hv  Rickcr  (1971), 
and  Ulltang  (1971).  At  present,  ihe  implica- 
tions from  the  examples  presented  here  are, 
that  if  an  estimated  average  annual  mortality 
of  1 1  is  anywhere  near  the  true  figure, 
hunting  pressure  on  the  herd  must  be  reduced. 

The  main  advantage  of  simulation 
models  for  herd  management  is  that  they  allow 
the  etTects  of  alternative  management  strate- 
gies to  be  evaluated,  without  affecting  the  real 
world  which  contains  the  seal  herd.  Provided 
the  models  themselves  have  been  properly 
tested  and  evaluated  against  known  biological 
data,  there  is  no  reason  why  simulation  tech- 
niques should  not  be  as  successful  in  this  field  189 
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as  they  have  been  in  industry  .  Already,  a^  has 
happened  in  industrial  applicatioiis,  this 
model  has  indicated  areas  where  the  data  are 
dendent,  and  where  more  research  is  required 
to  improve  our  knowledge  of  herd  population 
dynamics. 

This  model  is  essentially  deterministic 
and  numerical,  and  there  is  a  real  need  to 
develop  stochastic  models  which  can  ade- 
quately reflect  the  chance  variations  in  key 
parameters  that  are  encountered  by  the  harp 
seal  herd.  This  approach  should  eventually  be 
expanded  to  develop  an  integrated  series  of 
ecosystem  models  using  the  whole  range  of 
known  simulation  techniques.  For  instance, 
energy  flows  in  the  ecosystem  are  much  better 
modelled  by  continuous  simulation  tech- 
niques, whfle  discontinuous  numerical  systems 
are  more  effectively  modelled  by  using  discrete, 
stochastic  simulations.  Integration  may  well 
involve  hybrid  simulation  techniques  and 


computers,  as  well  as  very  large  amounts  of 
data.  Because  of  the  expense  of  acquiring  such 
data,  marine  mammal  biologists  should  coop- 
erate to  deveU^p  and  maintain  some  central 
data  bank  facilities. 
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The  authors  summarize  present  knowledge  or  pinniped  bioenergetics.  concentrating  on 

principles,  rather  than  details  fm  inJi\idual  species.  They  emphasi/e  the  t\pes  of  data  which 
are  needed  to  improve  understanding  <  >!  ihc  role  of  pinnipeds  in  the  marine  ecosystem,  and 
consider  the  utilization  of  energy  b\  pitiiii[Kds  at  the  organismic  and  pt^pulation  levels. 
Pinnipeds  are  also  con.sidered  as  a  component  of  a  complex  marine  ecosystem,  with  comments 
on  conununity  ener]geiics  in  relation  to  management.  Lastly  the  authors  consider  the  systems 
approach  to  maiiagement,  a  strategy  which  requires  increased  inputs  of  manpower  and 
money,  but  one  which  will  lead  to  a  greater  utuiLT^i.inding  of  the  complexity  of  ecxtlogical 
interactions  in  natural  systems.  This  understanding  should  lead  to  more  enlightened  utiliza- 
tion and  conservation  of  natural  rest)urccs.  Much  of  the  work  done  on  pinniped  energetics 
relates  to  the  harp  seal.  Pagophilus  groeniondkus,  and  this  is  reflected  in  the  paper.  An 
extensive  bibliography  is  provided. 

Les  auteurs  font  le  point  sur  lt*s  connaissanccs  actucUcs  cn  bio^nerg^tique  dcs  pinnipi> 
des,  insistent  surtout  sar  les  principes,  plutdt  que  sur  les  details  relatifs  aux  diffi&rentes  esptees. 

lis  siuiliiTicrK  Ics  tspes  de  donnt^es  qui  sont  ne'cessaircs  pour  mieux  connailre  le  role  jouc  par 
les  pmmpedes  dans  I'ecosystcme  marin  et  exammcnt  I'utilisation  de  I'^nergie  par  les  pin- 
nipMes.  au  niveau  des  organismes  tndividuels  et  de  la  population.  La  note  Atudie  6galement 
Ics  pinnipcdes  en  tani  qu'elemenls  d'un  <5cosvsleme  marin  complexe.  el  prfeentc  certains 
oommentaires  sur  I'energetique  collective,  en  rapport  avec  I'am^nagement.  Enfin,  les  auteurs 
trattoitderapprochedessystimesenmatiifed'am^iagement:  c'estunestratigiequi  exige  un 
apport  accru  de  main-d'oeuvre  et  de  moyens  financiers,  mais  elle  peut  aboutir  a  faire  mieux 
comprendre  la  complexity  des  action.s  r^ciproques  qui  s'exercent  dans  les  systdmes  naturels. 
Celte  comprehension  devrait  conduirc  h  utiliser  et  conserver  d'une  mani^re  plus  iniclligcnte 
les  ressources  Mturelles.  La  majeure  panic  des  travaux  existants  consacres  a  !'6nerg£tique  des 
pinnipcdes  concemeni  Ic  phoquc  du  Grocnland  (PagophHus groeniandicusy,  oomme  il  ressort 
du  document.  Une  bibliographie  detaill^e  complete  Touvrage. 

Los  autores  resumcn  los  conocimientos  actuates  sobre  la  bioenergdtica  de  los  pinnipe- 
dos,  centrando  la  atenci6n  en  los  principios  mas  que  en  los  detalles  de  cada  especie.  F.n 
especial,  los  autores  seAalan  los  tipos  de  datus  que  sc  necesitan  para  poder  comprender  mejor 
d  papd  de  los  pinnlpedos  ca  d  ecodstema  madiio  y  cttudiar  la  niiliMclAa  de  la  eneigfa  por 
kK  frinnfpedos  a  nivd  de  oisanismo  y  de  pobtad6n.  Asimisiiio.  se  cstudian  Ice  pinnipedos  191 
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como  parte  del  complejo  ecosistem;)  m.irino  y  sc  fonnulan  observaciones  sobrc  cncrg^lica  dc 
las  manadas  en  relaci6n  con  la  ordenacion.  Por  ultimo,  ios  autores  analizan  la  manera  de 
abordar  nsleiniticatnente  la  onlenaci6a.  estralegia  que  requiere  cada  vez  mis  innimos  de 
mano  dc  ohra  v  dincm  per<i  que  puede  llevar  a  una  mejor  comprension  de  la  complcjidad  dc 
las  inieraccioncs  cculdgicas  en  los  sistemas  naturales.  Esta  comprensi6n  permitira  uiilizar  y 
ooiKcrvar  mis  racionalmente  los  recorsos  naturales.  Los  trabajos  sobre  energitka  de  kia 
pinnipedos  se  refieren  sobre  todo  a  la  foca  dc  Grocnlandia.  Paf;ophilus  !in>cnlandicus,  como 
queda  bicn  patenle  en  esta  pubUcaci6n.  El  trabajo  contiene  una  extensa  bibliografla. 
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"Let  me  give  one  example  of  a  problem  in  the 
ecoloi^v  of  seals  ...  We  may  he  pushing  near  ihe 
limits  of  the  fish  resource  and,  if  so,  we  have  an 
a^arent  reason  fitr  killing  all  seals  that  feed  on 
fish.  But  first  it  will  have  to  he  shown  that,  with 
fewer  seals,  there  would  be  more  fish,  and  I  don 't 
believe  that  anyone  has  dmonstnted  this  out^ 
the  simplest  aquatic  model  When  take  setUs 
from  the  ocean,  what  sort  t^h^s  are  left?" 

SchcfTcr  (1975) 
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As  man  continues  to  exploit  and  deplete 
the  natural  resources  of  the  sea«  it  becomes 

essential  that  new  and  improved  management 
strategies  be  developed  in  order  to  conserve 
these  resources.  Future  management  policies 
must  allow  for  prolonged  and  efficient  utiliza- 
tion of  marine  resources  and  their  mainten- 


ance at  some  optimal  and  stable  level,  mini- 
mizing the  input  of  energy  involved  in  exploi- 
tation, as  well  as  maximizing  output. 

In  order  to  realize  these  objectives,  it  will 
be  necessary  to  develop  a  "system**  approach 
to  management  (Watt,  1966).  Single  species 
models  must  be  replaced  by  multispecies  sy- 
stem simulations  based  on  a  knowledge  of  the 
various  biotic  and  abiotic  components  within 
the  ecosystem. 

Since  Lindeman's  (1942)  classic  paper,  it 
has  become  commonplace  to  study  ecosystems 
in  terms  of  energy  flow,  and  it  is  now  generally 
accepted  that  a  knowledge  of  energy  flow 
provides  the  most  reliable  basis  for  evaluating 
the  role  of  a  particular  population  within  its 
community  (Odum,  1971).  In  order  to  optimi- 
ze management  strategies  for  exploited  popu- 
lations, including  those  of  many  pinnipeds, 
productivity  or  rate  of  biomass  (i.e.,  energy), 
production  must  be  understood. 

To  date,  management  of  pinniped  spe- 
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cies  has  been  based  primarily  on  "trial  and 
error*,  or  in  a  few  instanoes  on  various  types  of 

single  species  population  models  (Chapman. 
1961;  Allen.  1975;  Benjaminsen  and  Lett, 
1976;  Capstick,  Lavigne  and  Ronald,  1976). 
Such  management  has  been,  and  is,  inade- 
quate. It  is  now  necessar\'  to  study  pinnipeds  as 
component  members  of  a  complex  commu- 
nity. 

The  emphasB  has  been  on  estimating 

numbers  of  pinnipeds  in  particular  popula- 
tions with  occasional  estimates  ot"  population 
bioniass  (Laws,  1960).  The  importance  in  an 
ecosystem  of  large  organisms  tends  to  be  un- 
der-emphasised  bv  the  use  of  numbers,  and 
pver-emphasised  by  the  use  of  weights  and 
biomass;  the  reverse  tends  to  be  true  for  small 
organisms  (Clarke,  1946;  Odum,  1971).  Such 
data  may  however  be  used  to  calculate  rates  of 
change  and  energy  flow  within  populations. 
The  bioenergetic  approach  not  only  provides  a 
more  reliable  estimate  of  the  importance  of  a 
population  within  its  community,  but  is  equ- 
ally apphcable  to  all  populations  in  all  envi- 
ronments, regardless  ordiffereiioes,  in  tenns  of 
numbers  and  size,  of  organisms,  qpedes,  and 
populations  Energy  is  the  common  ciuren^ 
of  ecosystems  (Odum,  1971). 

It  thus  becomes  necessaiy  to  identify  the 
various  factors  which  determine  the  efficiency 
of  cncrgv  use  at  each  step,  or  trophic  level, 
withm  the  ecosystem.  Loss  of  energy  at  each 
trophic  level  is  ngnificantly  large,  such  that 
few  food  pyramids  have  more  than  5  levels 
(Walt.  1968).  Respiration  los,ses  increase  from 
producers  to  consumers.  Increased  mobility, 
for  instance,  to  search  for  food,  or  to  migrate, 
requires  increased  energy.  It  has  been  sug- 
gested that  efficiency  is  greatest  in  larger  am- 
mak  near  the  top  of  the  food  pyramids,  i.e.  the 
high  energy  expenditure  and  increased  respi- 
ration of  predators  is  a  function  of  increased 
activity,  which  in  turn  increases  the  probability 
of  finding  prey  species  (Watt,  1968),  but  even 
this  generalization  requires  further  daiifica- 
tion. 

The  present  view  of  pinnipeds  seems  to 
be  that  they  are  relatively  iiwfficient  predators. 


with  an  ecological  elTiciency  of  less  than  10  %. 
Estimates  of  ecological  efficiency  for  pinni- 
peds  are,  however,  limited.  An  estimate  of  6  % 
was  obtained  for  western  Atlantic  harbour 
seals  Phoca  viiuiina  (Boulva,  1973),  and  0.5  % 
for  harp  seals  Pagophilus  groenhmdicus  (Ser- 
geant. 1973).  The  disparity  between  these  esti- 
mates probably  reflects  how  little  we  know 
about  pinniped  bioenergetics,  rather  than  how 
much  we  know  about  their  ecological  effi- 
ciency and  their  role  in  the  ecosystem.  Only 
research  will  provide  the  answer  which  is  im- 
portant for  present  and  future  management 
decisicms. 

In  several  parts  of  the  world,  pinnipeds 
are  one  component  of  a  multispecies  fishery. 
GuUand  (1970)  noted  that  the  exploitation  of 
several  species  at  different  trophic  levels  in  a 
given  area  can  result  in  difficult  management 
problems.  Not  only  do  fishermen  complain 
about  the  activities  of  other  fishermen  in  the 
same  area,  but  also  about  the  predators  feed- 
ing on  prcv  which  are  themselves  expk^ited  hv 
man  (GuUand.  1970).  Pinnipeds  do  not  escape 
these  management  controversies.  In  the  west- 
ern Atlantic  fishermen  support  an  Incfeased 
annual  hunt,  so  as  to  further  reduce  popula- 
tions of  harp  {Pagophilus  groenlandicus)  and 
hooded  {Cystophora  cristata)  seals,  which  re- 
portedly clamage  fishing  gear  and  compete 
with  man  for  common  food  resources  such  as 
herring  Clupea  harengus,  cod  (Jadus  niorhua^ 
and  capehn  Malhtus  vlllosus  (Fisheries 
Council  of  Canada,  1974, 1975).  In  the  eastern 
Pacific,  a  similar  controvcrsv  surrounds  com- 
petition between  man  and  northern  tur  seal 
CaUmhittus  ursinus  for  pollack  Theragra  chal- 
cogramma  (Sergeant,  1976).  Such  manage- 
ment problems  can  only  be  resolved  through  a 
knowledge  of  the  quantitative  relationships 
between  predator  and  prey,  including  the 
weight  of  prey  consumed  to  produce  a  unit 
weight  of  predator  (Gulland,  1970). 

Despite  man*s  past  and  ciurent  philoso- 
phy of  harvesting  the  oceans  (Christy,  1973),  it 
IS  now  frequently  stated  that  man  can  make 
the  best  use  of  incident  solar  radiation  (energy) 
by  cropping  the  trophic  pyramid  as  dose  to  %e  193 


Copyrighted  material 


DM.  LAVIONE.  W.  BARCHARD.  S.  INNES  *  HA.  eRFTSLAND 


plant  layer  as  possible,  if  not  at  the  plant  layer 
itself  (Watt,  1968).  Such  considerations  may 
lead  to  the  suggestion  that  we  diouM  not  be 
overly  concerned  about  exterminating  pinni- 
ped populations,  especially  given  their  appa- 
rently low  efficiency.  In  fact,  in  energetic  terms 
we  might  do  weO  to  extirpate  our  competitors 
(e.g.  the  pinnipeds)  and  base  our  future  fish- 
eries at  lower  trophic  levels.  It  is  probably  true 
that  such  a  policy  would  maximize  short-term 
productivity  by  minimizing  the  wastage  of 
cncrgv  at  each  succeeding  trophic  level  (Watt. 
1968).  It  could  however  impair  long-term  pro- 
ductivity by  reducing  diversity,  thus  creating 
instability  within  the  system  (Watt,  1968; 
Margalef.  1968).  Even  this  warning  is  open  to 
discussion;  Goodman  (1975),  in  a  recent  and 
extensive  review,  concluded  that  there  is  no 
such  simple  r^tionship  between  diversity  and 
Stabilitv  in  ecosystems  At  present  there  is  no 
easy  solution  to  the  problem  of  developing 
appropriate  management  policies. 

Nevertheless,  a  knowledge  of  bioener* 
getics  would  appear  to  be  a  necessary  prere- 
quisite for  enlightened  ecosystem  manage- 
ment. This  has  been  recognized  in  the  area  of 
fisheries  management  (Beamish,  Niimi  and 
Lett,  1975)  and  major  steps  in  this  direction 
have  been  taken  in  the  area  of  terrestrial  wild 
life  management  (Moen,  1973).  No  such 
synthetic  review  of  the  present  knowledge  of 
pinniped  bioenergetics  has  been  made,  .Many 
papers  relevant  to  this  discussion  have  been 
prodvffied  over  the  years,  but  few  (e.g.,  Bouhra, 
1973)  have  attempted  to  construct  an  enei^ 
budget  for  even  a  single  population  of  pinm- 
pcds. 

The  purpose  of  this  paper  is  to  summa- 
rize what  is  known  of  pinniped  bioenergetics 
as  it  relates  to  ecosystem  management.  No  at- 
tempt will  be  made,  however,  to  review  all  that 
is  presently  known  about  pinniped  bioenerge- 
tics. Manv  of  the  examples  used  will  refer  to 
the  harp  seal,  with  reference  to  other  species 
being  made  where  possible,  or  when  necessary 
to  demonstrate  a  concept.  This  is  partly  be- 
cause relatively  more  is  known  about  harp  seal 
energetics  than  about  most  other  pinnipeds. 


and  it  is  the  species  with  which  wc  are  most 
familiar.  In  fact,  the  details  of  bioenergetics  for 
a  particular  species  are  less  important  for  the 
purposes  of  this  paper  than  the  concepts  which 
may  be  extended  to  any  species,  with  emphasis 
on  the  sorts  of  data  which  are  needed  to  im- 
prove our  understanding  of  the  role  of  pinni- 
peds in  the  marine  ecosystem.  It  is  hoped  that 
areas  requiring  further  research  will  be  recog- 
nised and  incorporated  into  future  research 
programmes,  so  that  future  management  of 
marine  mammals  mav  he  more  effective. 

Initially  we  consider  the  utilization  of 
energy  by  pinnipeds  at  the  organismic  level  of 
organization  (in  reality  most  of  the  data  are 
collectetl  hv  examining  individual  members  of 
a  population).  Then  we  look  at  population 
energetics  with  respect  to  such  important  feat- 
ures as  buth  rates,  mortality  rates,  etc.  Finally, 
we  brieflv  consider  pinnipeds  as  component 
members  of  a  complex  marine  ecosystem,  and 
make  some  prehminary  comments  about 
oommimiQr  energetics  in  relation  to  manage- 
ment. 


Enetgy  iitiliiatkwi  hy  pinnipeds 


Generalized  uoenergetic  scheme 

The  generalized  bioenergetic  scheme  or 

Eattem  of  energy  flow  tiirough  higher  verte- 
rates  is  illustrated  in  Fig.  1  (Harris,  1966; 
Moen.  1973;  Church  and  Pond,  1974;  Beam- 
ish, Niimi  and  Lett,  1975;  Kleiber,  1975). 
Although  this  sdieme  may  be  tentatively  ap- 
plied at  the  population  level,  assuming  no  sy- 
nergisms, measurements  are  in  fact  made  at 
the  organismic  or  individual  level  of  organi- 
zation. Since  the  flow  of  energy  through  an 
individual,  a  population,  and  an  ecosystem  is 
unidirectional,  and  in  accordance  with  the 
laws  of  thermodynamics  (Gallucci,  1973),  the 
generalized  scheme  represents  an  energy 
budget  which  must  be  balanced.  Although 
variations  on  this  conventional  scheme  have 
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FIG.  I.  -  G)nventional  schemaik  or  energy  niilizatioii  by  Miroals 
GROSS  ENERGY  (CE)  of  food  (heal  of  combustion) 

Faecal  Energy  (FE) 

1.  undigested  (ood 

2.  enteric  microbes  and  (heir  products 

3.  secretions  into  the  gastro-intestinal  tract 

4.  cellular  debris  riom  gastio-iniestiiial  trad 

APPARENT  DIGESTIBLE  ENERGY  (DE) 

lJrinar\  F.ncri;\  (UE) 

1.  food  origin 

2.  endogenous  origin 

Gaseous  producis  of  digestion  (primarily  methane) 

METABOLIZABLE  ENERGY  (ME)2 

Heat  Incrcmcnl'  (HI) 

UK  lifted  heat  unless  animal  is  below  lower  critical  temperature) 
I   heat  o(  nuiricni  metabolism 
2.  heat  or  fermentation 

NET  ENERGY  (NE) 


MAINTENANCE  ENERGY  (NE^ 

1.  Basal  metabolism' 

2.  Voluntaiy  activity' 

3.  Energy  to  keep  b<'<d  y  warm  if  Mow  thenad  neutral  envi- 

ronnicnt.  and  w  hen  lu-cd  Tor  heal  energy  is  above  that  sup* 

plied  b\  heat  increment 

4    erit  [  t!s  (•>  keep  body  cool  when  above  the  thermal  neutral 

environment 


PRODUCTION  ENERGY  (NEp) 

1 .  energy  storage  foetus,  semen,  growth,  fat.  milk.  hair.  etc. 

2.  work  (part  of  this  is  lost  as  beat) 


I  Adapted  ftom  Itairii,  IM6:  M  h n  mv.  Omm* mmI »dimI.       IcmUi. NHni •nd  Leii.  1975:  Kteihcf.  I97S. 

*  When  ME  isaHncttd la niirof  cn  cquilitmun. N itinuwaatN«Dnwwd flMttMbable energy  4MF.J. 

*  TiMieiiemiaKciipeadedHlieM. 


been  proposed  (Harris,  1966;  Beamish,  Niimi 

and  Lett,  1975)  which  are  more  correct  repre- 
sentations of  the  physiological  processes  ope- 
rating within  the  animal,  it  is  only  practical  at 
present  to  quantify  the  various  components  of 
the  simplified  scheme  Mdsi  biciencrgetic  stu- 
dies of  wildlife  populations  have  followed  this 
plan. 

Some  of  the  components  of  the  scheme 
have  been  examined  and  studied  in  pinnipeds, 
but  little  attempt  has  been  made  to  quantify  all 
the  components  for  any  particular  species.  The 
problems  of  oonducimg  experimental  work 


with  pinnipeds  are  well  known,  but  these 

should  not  deter  attempts  to  quantify  the 
bioenergetic  scheme.  If  certain  components 
cannot  be  measured  directly,  a  first  approxi- 
mation may  be  gained  from  available  data  on 
other  mammals.  This  can  be  modified  later  as 
the  results  of  experiments  with  pinnipeds  be- 
come available.  It  should  always  be  borne  in 
mind  that  the  parameters  being  measured  may 
be  somewhat  altered  by  the  conditions  of  cap- 
tivity. Some  data  can  also  be  collected  directly 
from  animals  in  the  field,  thou^  there  are 
(»nsiderable  problems  in  obtainmg  a  repre-  195 
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sentalive  sample  of.i  wiki  pcipulaiion  cif.pin- 
nipeds,  or.  for  thai  mailer,  ol  any  wild  mam- 
malian populalion  (Caughley,  1966). 

However,  variations  and  fluctuations  in 
components  arc  usualh  much  greater  than 
those  which  occur  in  entire  systems  (Odum, 
1971).  Thus,  while  the  problems  noted  above 
should  not  be  overlooked,  they  should  not 
deter  examination  of  pinnipeds  from  a  more 
holistic  point  of  view  than  has  been  done  in  the 
past. 

We  now  consider  each  of  the  compo* 

nents  in  the  hioencrcctic  scheme,  notinc  areas 
which  have  been  studied,  and  identify  areas 
which  require  further  consideration  and  expe- 
rimentation. 


(  aloric  t<jiii\iilents  (kcal  g~*  dry  »i'ii;hl)  for  .1  l\pi- 
cal  fal,  a  (vpical  carbohydrate,  and  a  typical  prole  in 
at  the  grosK  energy  (GE).  apparent  diccstible  energy 
(DE),  and  melalwIizaMe  cocfgy  (ME)  staces  of  die 
RHMialiied  MoMMtgrtIc  Kliaiic  (Fit.  !)• 


Substance 

OE 

DE 

ME 

Fat 

9.4 

9.0 

9.0 

Carbohydrate 

4.1S 

AJO 

Protein 

5j6S 

520 

4.0 

be 

MS 


Dioini (I97S).  Other  calorir  equiviil<nts  are  cominonlv 
lo  |EMnl  dieir  deviaooe  from  Uicic  i)  picil  values  will 
■ndL  Rir  csawwle,  aMUch  and  Plnd  ( I9M)  p«c  valnet 
3  fbr  dK  OE  «r  lit.  carbolMdnia  and  Micia.  KMCCiivciy. 


Gross  energy  of  food 

A  major  component  in  any  bioenergetics 
study  is  food  consumption.  What  is  consumed, 
and  how  does  the  species  utilize  the  nutritional 
components,  one  of  which  is  energy?  Food 
energy  is  the  gross  energy  (GE)  of  the  food 
entering  the  animal,  or  population,  per  unit 
weight  of  food  (kcal  g'*).  This  mitial  figure 
may  be  estimated  in  a  number  of  ways.  The- 
refore, it  is  important  to  have  a  detailed  un- 
derstanding of  the  tbod  habits  of  the  particular 
pinniped  imder  consideration.  Gross  eneigy 
intake  may  then  be  estimated  indirectly  from 
the  proximate  composition  of  food  items  con- 
sumed, usinjz  the  energetic  equivalents  for 
carbohydrate,  protein,  and  lipid  (Table  1).  An 
alternative  method  for  estimating  food  energy 
is  to  determine  the  heat  of  combustion  of  food 
items  using  bomb  calorimetry  (Gorecki,  1975). 
In  either  case  it  is  particularly  important  to 
take  into  account  seasonal  changes  in  feeding 
habits  and  in  the  proximate  composition  of 
food  items  when  esiimaling  food  energy  intake 
on  an  annual  basis.  In  ^neral,  interchanging 
food  items  only  affects  the  gross  energy  value 
of  the  food  if  the  percentage  of  fat  changes, 
since  fat  has  approximately  twice  the  energy 
value  of  carbohydrate  or  protein  (Table  1). 

It  would  be  pointless  to  review  what  is 


known  about  food  habits  of  pinnipeds  in  ge- 
neral. What  follows  is  a  description  of  the  food 
habits  of  one  species,  the  harp  seal,  throughout 
the  vear.  This  is  used  to  illustrate  the  present 
problems  associated  with  obtaining  estimates 
of  gross  energy  intake  for  pinnipeds,  and  to 
formulate  a  tentative  ener^  budget  for  this 
species. 

Harp  seal  pups  are  nursed  with  an  ex- 
tremely fat-iich  miUc,  diaracteristic  of  phocid 
seals,  and  marine  mammals  in  general  Since 

milk  is  part  of  the  production  energy  of  female 
seals  (Fig.  1 ),  a  detailed  discussion  of  pinniped 
milk  willbe  deferred. 

During  the  short  2-  lo  3-  week  nursing 
period,  rapid  changes  occur  in  the  young  harp 
seal,  it  increases  its  weight  quickly  from  about 
7  kg  at  birth  to  perhaps  35  kg  (Fig.  2),  largely 
as  a  result  of  acquiring  a  5  cm  layer  of  insulat- 
ing subcutaneous  blubber.  In  this  period  the 
pup  becomes  truly  homeothermic.  It  is  weaned 
at  about  2Vi  to  3  weeks  of  age,  and  left  on  the 
whelping  ice  bv  the  mother  who  enters  the 
water  to  mate.  The  pup  is  now  in  the  midst  of 
its  first  moult,  losing  the  neonatal  white  coat 
and  replacing  it  with  the  spotted  immature,  or 
beater,  pelt  The  young  seal  mav  not  enter  the 
water  for  some  time,  and  probably  experiences 
a  post-nursing  drop  in  body  weight  (Fig.  2). 

While  food  habits  of  immature  and 
adult  harp  seals  are  not  well  defined  in  quan- 
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Pto.  2.  -Gfowih  data  for  iht  hatp  seal.  Pagaphilus  groentandkUM.  Solid  circles  lepreseot  field  data  ooBeeied  la  March-April  1 976  off 
the  east  coast  of  Canada.  Open  circles  ( ±  S.O.)  represent  data  olitaiaed  from  captive  teals  over  die  but  8  years  (Ronald,  pers. 
comm  ).  The  hisiognm  indicain  avcmge  weight  of  food.  Ck^ea  kmaigiu,  ooMomed  by  these  captive  annnalt  (Ronald,  pen. 

comm.). 


titative  terms,  changes  in  diet  with  season  and 
with  age  have  been  reoognized  (Seifeant, 

1973). 

On  entenng  the  water,  the  beaters  begin 
to  feed  on  small  pelagic  crustaceans  such  as 
amphipods  and  euphausids,  e.g.  Thysanoessa 
(Sergeant.  1973  ).  At  2-3  months  these  juvenile 
seals  begin  their  first  northward  migration 
(Sergeant,  1965),  by  which  time  they  are  feed- 
ing on  fish,  primarily  capeHn  (Sergeant,  1973). 

Immature  and  adult  harp  seals  reach  the 
north  em  end  ot  iheir  spring  migration  in  late 
May  and  June  (Sergeant,  1965, 1973).  In  west 
Greenland  waters  they  feed  on  spawning  nins 
of  capclin  as  well  as  euphausids  (Sergeant, 
1973).  Some  harp  seals,  mainly  adults,  which 
migrate  to  northwest  Greenland  and  into  the 
eastern  Canadian  Arctic,  feed  on  arctic  cod 
BoreoRadus  saida,  and  various  crustaceans 
ihcluoing  euphausids,  mysids,  and  amphipods 
(Sergeant,  1973). 

Kapel  (1973)  summarized  the  feeding 
habits  of  harp  seals  in  west  Greenland  waters 
during  the  summer.  He  reported  large  regional 


variations,  with  capehn.  polar  cod,  and* 
Greenland  halibut  Reinhardtius  hippoglossoi- 
de.s  being  the  main  fish  species  consumed,  and 
shrimp  Pandalus  sp.  being  the  dominant 
invertebrate  prey.  Regional  variations  in  diet 
were  such  that  in  some  areas  inverlebrates 
(crustaceans)  comprised  70  T  to  100''^  of  sto- 
mach contents,  while  in  other  areas  capelin 
was  the  main  prey  species  and  the  crustacean 
content  dropped  below  4  % . 

In  lale  fall,  harp  seals  begin  their  south- 
ward migrations  ahead  of  the  Arctic  pack  ice 
(Seigeant,  1965).  Arriving  in  the  Gulf  of  SL 
Lawrence  and  off  the  east  coast  of  Newfound- 
land, they  feed  on  capelin,  euphusids,  and 
herring  (Sergeant.  1973). 

Their  exact  location  and  feeding  habits 
during  much  of  Januar\'  and  Februan,'  remain 
largely  unknown.  It  has  been  suggested  that 
they  feed  off  the  Grand  Banks  of  Newfound- 
land (Andrews,  1951)  but  diere  seems  to  be 
little  recent  evidence  to  support  this  sugges- 
tion. 

In  late  February  and  in  early  March, 
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adult  females  reappear  on  the  ice  in  the  Gulf 
of  St.  Lawrence  and  on  the  From,  off  New- 
foundland, to  give  birth.  It  has  been  suggested 
that  during  and  immediately  following  partu- 
rition and  lactation,  females  feed  intermit- 
tently or  very  little,  mamly  on  decapod  crus- 
taceans such  as  Pandahts  sp.  (Sergeant,  1973, 
1976,  1976a).  Sivertsen  (1941)  also  concluded 
that  female  harp  seals  consume  an  insignifi- 
cant amount  of  food  at  this  time  and  noted  a 
concomitant  reducdcw  in  the  thickness  of  the 
blubber  layer. 

Prior  to  and  after  parturition,  nursing, 
weaning  and  mating,  harp  seals  wintering  in 
the  Gulf  of  St.  Lawrence  ftom  January  to 
April  feed  mainly  on  capelin,  but  occasionally 
on  other  pelagic  fish,  euphausids.  decapods 
and  cephalopod  molluscs  (Sergeant,  1973). 

On  the  Front,  in  the  same  period,  im- 
mature (non-breeding  animals  aged  about  1-S 
years)  and  adult  seals  feed  on  decapod  crusta- 
ceans (of  which  80  %  may  be  Fandalus  sp.) 
more  frequently  than  on  fish  (Sergeant,  1973). 

Moulting  adults,  during  April  and  May. 
feed  mainly  on  capelin  in  the  Gulf,  as  well  as 
on  such  rough  fish  species  as  sea  raven  Hemi- 
tripterus  americanm  and  shorthorn  sculpin 
Myoxocepkahis  scorpius.  On  the  Front, 
moulting  seals  may  feed  on  capelin.  Atlantic 
cod,  flaUlsh,  and  some  of  the  spinier  species 
such  as  redflsh  Sehastes  martma  (Sergeant, 
1973).  Intermittently,  feeding  en  masse  seems 
to  take  place  from  the  large  ice  floes  used  as 
moulting  patches. 

From  this  complex  annual  feeding  cycle 
the  harp  seal  emerges  as  a  euiytrophic  organ- 
ism, often  feeding  simultaneously  at  a  variety 
of  trophic  levels,  perhaps,  like  harbour  seals 
(Boulva,  1973),  concentrating  somewhat  on 
fish  species.  It  would  appear  that  harp  seals, 
like  many  other  pinnipeds  (Geraci.  1975).  are 
opporiunislic  in  their  feeding  habits,  at  any 
given  time  eating  those  species  which  are  pre- 
sent in  the  greatest  numbers  and  easiest  to 
catch. 

Stomach  content  data  for  harp  seals,  as 
sununarized  above,  and  similar  data  for  many 
other  pinniped  species,  are  of  veiy  limited  use 


in  bioenergetic  studies.  The  results  of  the  harp 
seal  analyses,  for  example,  have  been  express- 
ed either  in  terms  or  fiequency  (Sergeant, 
1973X  volume  (Fisher  and  MacKenzie,  1955), 
or  percentage  of  stomachs  containing  various 
prey  items  (Myers,  1959).  No  single  criterion, 
whether  it  be  numbers,  frequency  of  occur- 
rence, volume,  or  weight,  is  usually  adequate 
to  provide  meaningful  results  from  a  scries  of 
stomach  content  analyses  (Korschgen,  1971). 
In  particular,  measurements  of  frequency  as 
emf^yed  by  Sergeant  (1973)  only  indicate 
that  an  item  was  consumed,  but  provide  little 
information  on  its  relative  importance  in  the 
diet.  Frequency  measurements  become  mean- 
ingful when  used  with  volume  or  weight,  ex- 
pressed as  a  percentage  of  the  total  sample 
(Korschgen,  1971). 

Some  of  the  problems  associated  with 
stomach  content  analyses  are  difficult  to 
overcome  Vox  example,  the  high  proportion 
of  empty  stomachs  found  in  some  samples 
(Sergeant,  1973)  present  certain  difficulties  of 
interpretation.  The  absence  of  data  for  certain 
times  cif  the  vear,  as  in  the  harp  seal  during  the 
summer  (Sergeant,  1973),  can  be  remedied  by 
research. 

For  a  bioenergetic  study  we  need  an 
estimate  of  the  quantity  of  food  ingested  per 
meal,  the  frequency  of  feeding,  measurement 
of  the  weight,  or  volume,  of  the  various  prey 
items  consumed,  and  the  proximate  composi- 
tion of  those  prey  items.  The  caloric  intake  of 
the  animal  may  then  be  estimated.  Some  esti- 
mates of  these  factors  have  been  made  for  both 
harp  seals  (Sergeant.  1973)  and  harbour  seals 
(Boulva.  1973),  using  data  on  captive  animals 
to  provide  first  approximations  where  sutTi- 
cient  field  data  were  lacking.  Field  data  have 
been  used  to  estimate  food  consumption  and 
feeding  frequency  for  the  New  Zealand  fur 
seal,  Arctocephalus  Jorsleri  (Street,  1964). 
Additional  inrormation  may  be  obtamed  from 
the  literature.  For  «cample,  the  proximate 
composition  and  gross  energy  of  some  harp 
seal  prey  species  are  given  in  Tables  2  and  3 
respectively.  Again  it  is  important  to  realize 
that  the  calork  content  of  food  species  may 
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TM»  2.  PkvxtaMte  «w 

D  prey  Jpcd 

•s  «f  the  karp  seal,  flt^ 

Species 

^P"*'  Moistuie 

Protein 

% 

Fat 

%  % 
Carbohydrates  Ash 

Reference 

Clupea  harenpis^ 
Atlmik  hemog 

F  «K8-69.0 
?  «9.0 

15.4-19.7 
17.3 

7.5-19.4 
11.3 

1.06-2.1 
2.1 

(iL-nici.  1975 

Aliiti.iii  .itui 
Dillmcr.  I%H 

Ckpdin 

W  77.1-84.1 
W  77.1-82J 

I2.9-1S.3 
12.9.IS.0 

i.8-8.1 
1.8-8.1 

1.8  -2.2 

McCallum  ei  aL, 
19693 

Ccrad.  1975 

(iadui  nuirhuo 

Atlantic  cod 

F  81.2 
?  81.2 

14.6-17.6 
17.6 

(>2-().6 
0.3 

1.2 
1.2 

CicMci.  1975 
Altman  and 
Dittmer.  1968 

Euphausia  superba 
Eupbausid  (kriU) 

M  80.0 

I7JI 

1.3 

1.4 

Geraci.  1975 

'  M  ^  Mijl  V,  =  Whol 
^!,(rVt'vl  v.i'.iin.il  >.jn.ili 
(SUHlJdid.  l%8)or  niiMC  incarh 
Jangaxtd.  1974).  Fori  dclaikd  i 

'  Piopawiiing  aad  ipawi 

■  1  =  iiiici 

■  riN  in  pri nLfn  iEc  u'mpovMit>n  t vviir  in  ni.inv  (ivh  \p<t,  u-v  In  hcrr iru' .  pi'ri  i  n t  i l'i  111  nvi  v  \ ,ir\  t.'i nn  ?  '»  In  4  '*  in  <Mrh  ••prins'  li»  IS  K 
Vkinicr.  In  capclin,  pctceaUgc  tal  m»y  be  as  hij^h  u  23.4  in  ihc  fall,  with  (he  mutMurc  ounlcni  druppiii|  io65  %  (Dcvutd.  1970.  asciicdin 

evicw  ormnoiial  variuioa  in  ptoninaKCMpHMM  of  apcltai  mc  JaqgMnri  tl974). 
Mng  capclia. 

l  aMe  3.    Gross  aiefS>  content  of  .some  common  prey  species  of  harp  seal,  Pagophilus  groenktndicus 

Specks 

kca!/gm 
ash  free  di^  wl 

kcal/pm 
diy  wt. 

kcal/am 
wet  wl. 

References 

Cbipeu  haren^us 
Ailmlic  bemng 

6.4 

1.9 
1.8 
2.0 

1.6-2.9 

Cummins  and  Wijycheck,  1971 
Altman  and  Dtlimer,  1968 
Gerad.  1975 
Calculated  > 

MaHoiic  villotUS 
Capclin 

0.9ul.6> 

Calculated' 

Gadus  morhua 
Atlantic  cod 

as 

0.8-1.1 

Altman  and  Dittmer.  1%8 
Cakuhiedi 

Euphausia  superba 
Eiiphanaid  (bill) 

l.i 

Calculated  ■ 

A/v  us  stenoleph 
Decapoda 

5  3 

4.7 

1.0 

I.I 

iNlcr.  1973 

Cummins  and  Wuychcck.  1971 

Pandahu  montagul 

5.6-5.9 

4.6 

1.3 
1.3 

Cummins  and  Wuycheck.  1971 
Tyler.  1973 

Amphipoda 

4.9 

a9 

C  unimms  and 

Wuychcck.  1971 

'  (  jkubicd  from  proximalcaMni 
'  Tha  value  raiut  be  ooniidciad 


(JuiHrd.  I9M)  iCNMog  la  a 


(sec  Table  2)  obtained  from  Gcract  (1975). 

Iiaied  OA  capalin  willi  a  low  fai  cocuni.  Al  oOter  lioMi  of  tbc  year,  fai  levda  i 
incMisyaniciM. 


!loM0Rilian20% 
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varv'  temporally  and  spatially,  depending  pri- 
marily on  the  fat  content 

Gross  eneigy,  however,  does  not  predict 
the  biological  value  of  a  particular  food  item  to 
the  consumer,  since  indigestible  portions  have 
approximately  the  same  relative  energy  con- 
tent as  the  digestible  portions.  A  more  accurate 
predictor  of  the  biological  value  of  food  is  the 
amount  of  energy  assimilated,  or  the  digestible 
energy. 


Digestible  energy 

Since  the  efficiency  of  assimilation  of  a 

pinniped,  or  in  fact  any  animal,  is  not  100  %, 
not  all  of  the  tbod  consumed  (GE)  is  available 
to  the  animal.  Some  food  passes  directly 
through  the  digestive  tract  and  b  lost  as  faecal 
energy.  The  subtraction  of  faecal  energy  from 
the  gross  energy  of  the  food  gives  ihc  apparent 
digestible  energy  (DE),  sometimes  termed  as- 
similated or  absorbed  energy,  i.e.  Ae  energy 
which  passes  through  the  intestine  wall  and 
enters  the  blood  stream  of  the  animal.  Digest- 
ible energy  is  often  expressed  in  terms  of  di- 
gestive or  absorption  efficiency: 

absorption  efficiency  ^  D£/G£  x  100 

Absorption  efficiencies  vary  with  the  compo- 
sition of  the  diet  (Brody,  1945;  Beamish,  Niuni 

and  Lett,  1975). 

"Digestibility"  may  more  correctly  be 
qualified  as  "apparent  digestibility",  since  er- 
rors are  introduced  by  the  indirect  method  of 
calculating  the  energy  absorbed.  Ihe  di- 
gesiivc  enzymes  secreted  into  the  gastrointes- 
tinal tract  and  the  sloughed  intestinal  lining 
both  vivc  Ihe  energy  measured  for  faecal  loss 
too  high  a  value,  resulting  in  an  underestimate 
of  the  true  digestible  energy  (Harris,  1966). 

Although  difficult  to  quantify  in  the 
field,  estimates  of  faecal  energy  loss  may  be 


I  TlibisdieGuewithliefringwhichj(tc2%io4%oain 
early  spring  «id  15  %  oO  in  ear^  winter  (Stoddard.  1968). 


made  in  captivity.  Animals  may  be  fed  known 
amounts  of  tood,  which  may  readily  be  ex- 
pressed in  calories.  Faeces  are  then  collected 
and  the  energy  content  determined  using  a 
bomb  calorimeter.  Fresh  faeces  should  be  col- 
lected and  freeze  dried,  or  even  dried  below 
40  *C  (Mahslid,  MacDonald  and  Stock,  1975). 
It  should  be  noted  that  the  energy  content  of 
fish  faeces  left  in  water  for  varying  lengths  of 
time  changes,  (Beamish,  Niimi  and  Lett,  1975) 
and  this  will  also  be  the  case  with  seal  faeces. 

Since  it  is  unlikely  that  collection  of  all 
seal  faeces  for  a  known  intake  of  food  will  be 
possible,  the  use  of  an  men  chemical  indicator 
may  be  necessary  to  estimate  DE  even  in  cap- 
tive experiments.  The  most  widely  used  indi 
cator  has  been  chromium  sesquioxide  (CrX),) 
(Czamocki,  Sibbald  and  Evans,  1961;  Arthur, 
1970).  Alternatively,  Petrides  (1968)  has  sug- 
gested that  radioactive  5 1 -chromium  is 
somewhat  easier  to  use  and  prtnides  a  more 
accurate  method  of  quantitative  analysis. 

The  magnitude  of  faecal  energy  loss  is 
dependent  on  the  digestibility  of  the  food.  In 
general,  animal  tissue  and  seed  portions  of 
plants  show  high  digesiibUity,  while  non-seed 
portions  of  plants  nave  low  digestibility  for 
monogastrics,  due  to  their  high  cellulose  con- 
tent. Animals  which  utilize  other  animals  and 
seeds  for  food  usually  have  faecal  losses  in  the 
range  of  5  %  to  15  %.  Animals  consuming  cel- 
lulose plant  materials  have  evolved  adapta- 
tions which  allow  them  to  utilize  the  products 
of  microbial  digestion. 

Faecal  energy  loss  is  relatively  constant 
for  a  variety  of  mammals  (Table  4).  Carnivores 
such  as  fox  Vuipesjulva  and  bobcat  Lynx  rujus 
have  faecal  losses  of  9  %  of  the  gross  energy 
(Vogtsberger  and  Barrett,  1973;  uolley  et  ai, 
1965:  Morris,  Fcyimotoand  Berry,  1974)  while 
the  insectivorous  bat  Lasiurus  cinereus  shows  a 
loss  of  8.8  %  (Biisbin,  1966).  Ruminants,  be- 
cause much  of  th^  food  is  undigestible,  tend 
to  lose  larger  amounts  of  GE  through  faeces 
(Table  4). 

In  the  only  digestibility  study  of  a  pin- 
niped, the  DE  <tf  rinsed  se^  {Pusa  hispida) 
eating  herring  or  cap&  was  found  to  be  97  % 
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Tabk  4.  AnMUcnt  iHgestiWe  piotehi,  fill,  nod  cncfBr 


Specks 


Pratein  (%) 


Fai  (%) 


Reference 


Phoca  hispida 

rinsed  seal 

Ursus  mariiimus 
pohr  bear 

lulpes  fulva 
red  fox 

Atopex  laf(op$ts 
arctic  fox 

Lynx  nifus 
bobcat 

Musleh  nitdis 
least  weasel 

Corns  faHdUmis 
dog 

Felh  caius 
cai 

Pamhera  ligris 
tiger 

Pamhera  ko 
lion 

Panthera  pardus 

leopard 

Pamhera  onca 
jaguar 

Felix  coneohr 
puma 

Felis  pardatb 
(Krlol 

fi'lis  caracal 
caracal 

Lvnx  lynx 
lynx 

Felis  viverrina 
Tishing  cat 

Fells  tetmOitckll 

golden  cat 

Felis  benealensis 
leopara  cat 

Felis  sentd 
scrval 

l.niJea  UatUS 
badger 

Perom  y.u  us  mami  ulalm 
deer  mouse 

Microtia  pemuylvaniciis 
meadow  vole 

CU'thrii.ifni  vs  v.itppcri 
red -backed  vole 


97.3  ±0.9  (SD) 

84.2  :i  1.7  (SD) 
87.0±4.] 


70-98 
80 

89 

88.8 

88.8 

88.9 

89.7 

92.1 

89.1 

87.5 

9a4 

89.S 

87.7 

88>t 

91.9 

88.1 


99.3  ±0.2 

97.710.6 
94.2  ±4.5 


S7-97 
90-95 


97.0  ±0.8 
91.6  ±1.4 
91  ±2 

95 

91 

89.9 
82-93 


Zaptu 

meadow  jumping  mouse 


77.0  ±2.1 

81.1  ±0.7 
78.9±1j6 
71.5  ±0.5 


Parsons.  1977 
Best.  1976 

Patlon,  1975  (as  cited  in  Best.  1976) 
Vogtsbttfger  A  Barrett  1973 

Underwood,  1971 

GoUcv  et  at..  I%5 

Morr».  Feyimoto  ft  Berry.  1974 

Golley.  I960 

Orr.  1965 
NRC.  1974 

Greaves  &  Soon.  1960 
Monis,  Feyimoto  ft  Berry.  1974 


Johnson  A  Groeppcr.  1970 
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Trtte  4. 


protda,  Iht,  md  emtigf  (eoMbidHO 


Species 


Proieiii  (%) 


Fat  (%) 


Energy  {%) 


Refeience 


Mus  nuaculus 
house  mouse 

Dipodomys  ordi 
ord  kangarco  rat 


Ciiellus  rU  hardsoni 
RichardHin's  ground 
squirrel 

QiHbu  iridteemSHeatMs 
UurtecD-laied 
ffonnd  sqainvl 

Sciunu  niger  and 
SI  earolinensis 
fox  and  grey  squirrel 

Oryzotmis  pahisiris 
rice  ral 

Ockotona  princeps 
pika 

Lasiums  cinereus 
hoary  bat 

Crxpintui  piirva 
Ica&i  shrew 

Ovis  ones 

sheep 

wildebeest 
eland 


79.5  ±1.5 

95.1  ±a4 
(oat  diet) 

97.7  ±0.2 
(barley  diet) 

82.2^0.2 


8I.0±  1.3 

77.0-  1.3 
95.0  ±0.7 

88-9S 

68 

91.0+4.7 

9ai 

66.949.7 

62-70 
S9-70.2 


Smith  A  Folbner.  1972 
• 

Sharp.  1967 

Johnson  ft  Maxwdl,  1966 

Brisbin.  1966 

Barren,  1969 

Ekem  ft  SundslAl.  1974 

Kogcrsun.  1968 


(Parson,  1977).  Given  the  generally  varied  diet 

of  pinnipeds,  a  faecal  energy  loss  equivalent  to 
about  9  to  10  %  GE  is  not  unreasonable  for 
our  purposes  (l  able  4).  I  his  would  suggest 
that  at  least  90  %  to  91  %  of  the  gross  energy 
(GE)  in  food  is  available  to  the  pinniped  as 
apparent  digestible  energy  (DE). 

Studies  must  eventually  consider  the  di- 
gestibility of  the  various  food  items  consumed 
by  specific  pinnipeds,  as  well  as  sea.sonal  var- 
iations in  the  proximate  composition,  and 
thus  the  energy  content,  of  their  diet  through- 
out the  year. 


Metabolizabll  energy 
202  Not  all  of  the  energy  assimilated  (DE)  is 


available  for  use  or  storage.  Some  is  lost 

through  the  production  and  excretion  of  urine, 
which  contains  the  nitrogenous  end  products  of 
protein  katabolism,  such  as  urea,  creatme,  etc. 
The  amount  of  energy  thus  lost  depends  on  the 
dietary  protein  balance  and  the  physiological 
status  of  the  aninial  (Brody,  1945). 

Again,  no  measurements  of  urinary  loss 
in  pinnipeds  are  available  in  the  pubushed 
literature  although  Parsons  f  1977)  has  recently 
provided  estimates  for  captive  ringed  seals 
(Table  5).  Such  estimates  can  be  made  in  cap- 
tivity through  the  use  of  a  modified  "metabofic 
cage"  iipp.iratus  such  as  is  commonly  uscd  for 
small  mammals  (Drodz.  1975). 

Estimates  of  urinary  loss  for  some 
mammals  are  given  in  Table  5.  It  is  important 
to  note  that  these  energy  losses  should  be  ex- 
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pressed  in  terms  of  DE  or  in  kcal,  but  not  in 
%  GE,  since  the  urine  loss  depends  on  the  ni- 
trogen containing  substances  actually  absorb- 
ed or  mobilized  by  the  animal.  From  Table  5, 
and  a  basic  kntnviedge  of  the  proximate  com- 
position of  some  major  food  items  consumed 
by  pinnipeds  (e.g.  Table  2),  an  estimate  €^ 
urinary  energy  loss  between  7  %  and  8  %  DE  is 
probably  not  unrealistic  for  our  purposes. 

An  estimate  of  the  inetaboli^able  energy 
(ME)  is  obtained  by  subtracting  energy  loss  in 
the  urine  and,  especially  in  the  case  of  herbi- 
vores, the  gaseous  products  of  digestion  (Fig. 
1 ).  .Accordmg  to  our  estimates  thus  far,  ME  for 
a  harp  seal  is  82.7  %-84.7  %  GE,  calculated  by: 

ME  =  GE-FE-UE    (1) 

where  FE  and  UE  are  faecal  energy  and  uri- 
nary energy  losses  respectively.  This  is  similar 
to  the  84  6''?  figure  used  by  Boulva  ( 1973)  for 
harbour  seals.  More  recent  estimates  for  ring- 
ed seals  (Parsons,  1977)  averaged  88.6  ±  2.6 
(1  SD). 

In  the  conventional  energetic  scheme, 
melabolizable  energy  represents  the  energy 
whidi  is  available  to  the  animal  for  use  or 
storage.  The  value  of  ME  is  affected  by  the 
level  of  intake  of  nutrients  and  must,  for  com- 
parative purposes,  be  corrected  for  growth. 
Nitrogen-corrected  ME  or  ME„  is  calculated 
according  to  the  equation: 


ME,  -  ME  ±  (NB  •  7.45  kcal)  ..  (2) 

where  ME  is  defined  by  equation  (1)  and 

NB  =  Nl  -  FN  -  UN   (3) 

where  NB  is  nitrogen  balance  or  nitrojgen  re- 
tention, i.e.  the  nitrogen  consumed  in  food 
(NI)  minus  both  the  nitrogen  in  faeces  (FN) 
and  the  nigrogen  in  urine  (UN)  (Harris,  1966). 

If  nitrogen  is  lost  from  the  body  (nega- 
tive nitrogen  balance),  7.45  kcal  are  added  to  the 
metabolizable  energy  (MF.)  for  each  gram  of 
nitrogen  lost.  If  nitrogen  is  retained  by  the 
body  (positive  nitrogen  balance),  then  7.45 
kcal  are  subtracted  from  the  metabolizable 
energy  (Harris,  1966).  The  conversion  factor 
(7.45  kcal)  was  determined  tor  dogs  and  fur- 
ther research  is  required  to  justify  its  general 
acceptance  (Harris,  1966). 

Because  of  the  need  to  collect  urine.  ME 
is  extremely  difficult  to  estimate  in  the  field. 
Therefore,  in  practice,  ME  is  generally  not 
measured  in  wild  animals. 

It  is  misleading  to  assume  that  all  of  the 
energy  termed  ME  in  many  bioenergelic 
schemes  (Table  1)  is  available  to  the  animal 
(Beamish,  Niimi and  Lett,  1975:  Harris,  1966). 
When  an  animal  ingests  a  meal,  the  rate  of 
metabolism  expressed  in  units  of  heat  pro- 
duction, or  oxygen  consimiption,  increases. 
This  increase  has  been  variously  termed  spe- 


Species 


%  GE' 


%  DE 


Reference 


/.»'n.v  rufus 
botxat 

Ovts  aries 


wildebeest 
eland 
catde 
lablnt 


8.0 

4.2-5.2 

3.8-4.7 
3.8-4.8 
4X> 
6.7 


8.8 


6.9-7.8 
6.5-8.2 
5.7 
11.2 


Golley  et  al..  1965 

Ekern  and  Sundstol.  1974 

Rogenon,  1968 
» 

Brody,  194S 


Lmti 


I  of  hciMvom  aic  idtecicd  ia  Ihc  viiiMiy  «Mf(y  loM  oipiCMcd  w  a  pera 
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ciflc  dynamic  action  (SDA)  (Kleibcr,  1975; 
Beamish,  Niimi  and  Lett,  1975),  calorigenic 
cfTect  (Kleiber,  1975),  heat  increment  of  feed- 
ing (Harris,  1%6).  and  heat  of  nutrient  meta- 
bolism (Moen.  1973).  Althoiiiih  (he  bioche- 
mistry of  the  heat  increment  is  not  completely 
understood,  the  liberated  heat  energy  is  ge- 
nerally assumed  to  KSttlt  primarily  from  the 
dcamination  of  amino  acids  in  the  liver  (But- 
tery and  Annison,  1973).  If  protein,  lipid  and 
carbohydrate  are  fed  separately,  the  heat 
increment  amounts  to  approximately  30  %, 
13  %,  and  15  %  respectively,  of  the  ingested 
energy  (Harper,  1975).  A  composite  diet  of 
protein,  lipid,  and  carbohydrate,  however,  re- 
sults in  a  lower  value  for  neat  increment  than 
predicted  from  the  composition  of  the  food 
(Forbes  and  Swift,  1944). 

This  heat  ener^  is  lost,  and  is  only  of  use 
to  a  homeotherm  such  as  i  pinniped  for 
maintaining  a  constant  deep  body  tempera- 
ture in  hypothermic  environments  (Kleiber, 
1975;  Moen,  1973;  Harris,  1966).  Although 
many  pinniped  species  such  as  (he  harp  seal, 
hooded  seal  {Cvstophnra  crislata).  rinsed  seal 
{Phoca  hispida),  Weddell  seal  {Lepionychoies 
weddelU),  etc.,  spend  much,  if  not  all  of  their 
lives  in  cold  polar  and  subpolar  waters  in  close 
proximitv  to  ice.  it  Ls  doubtful  whether,  for 
these  animals,  such  environments  can  nor- 
mally be  considered  ''hypothermic'*  (Irvine  and 
Hart,  1957;  Gallivan.  1977).  When  ambient 
conditions  do  drop  below  the  thermal  neutral 
environment,  the  heat  increment  may  become 
useful,  since  it  reduces  the  energy  needed  for 
maintenance  of  homecuhcrmy.  The  opposite 
will  be  true  when  ambient  en\ ironmental 
conditions  exceed  the  thermal  neutral  zone, 
since  the  additional  heat  must  be  dissipated. 
This  latter  problem  may  be  of  minor  signific- 
ance for  pinnipeds  in  the  wild  with  constant 
access  to  water,  except  perhaps  when  actively 
swimming  and  hunting  for  food.  It  could  be  of 
some  significance  to  animals  held  in  captiviQr 
without  access  to  cold  water. 

Additional   energy   requirements  for 
absorption,  d^estion,  transportation,  and  de- 
204   position  of  food  materiab  are  presumed  to  be 


small  and  are  difficult  to  separate  experi- 
menlally  from  the  heat  increment  of  feeding 
(Beamish,  Niimi  and  Lett,  1975).  The  term 
apparent  heat  increment  of  feeding  may  thus 
be  more  appropriate  to  describe  the  value 
which  is  really  measured  by  most  experiments. 

No  estunates  of  the  heat  mcrement  of 
feeding  have  been  made  relative  to  the  energy 
content  of  food  (GE)  for  pinnipeds.  Parsons 
(1977),  however,  did  report  an  increase  in  me- 
tabolic rate  (27  %  and  35  %)  in  two  ringed  seals 
which  persisted  for  12  to  13  h  after  feed  nii 
This  area  of  experimentation  deserves  to  be 
explored  further  since  loss  of  energy  via  the 
heat  ino^ent  will  represent  an  ecologically 
significant  proportion  of  the  food  consumed. 
Experiments  must  obviouslv  consider  the 
changes  in  heat  increment  that  will  occur  with 
diets  of  vary  ing  proximate  composition  (Brody , 
1945)  such  as  would  occur  in  the  wild  on  a 
seasonal  basis. 

The  subtraction  of  heat  increment  Irom 
the  metabolizable  energy  defined  above  gives 
a  more  realistic  estimate  of  the  ener^  avail- 
able to  the  animal  for  further  use  or  storage 
(Beamish,  Niimi  and  Lett,  1975).  This  is  term- 
ed net  energy  (Fig.  1)  in  most  generalized 
bioenergetic  schemes. 


Net  energy 

Net  energy  (NF.)  is  encrgv  which  is 
available  to  the  animal  for  mamtenance  of 
body  functions,  the  production  of  new  tissue, 
and  for  doing  work.  It  is  generally  subdivided 
into  maintenance  energy  (N£J  and  produc- 
tion energy  (NEp)  (Fig.  I). 

Maintenance  Energy 


Mamtenance  energy  is  used  for  basal 
metaboHsm,  voluntary  activity,  and  in  ho 
meotherms,  for  thermoregulation. 
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It  is  generally  accepted  that  the  resting 
metabolic  rates  (M)  of  marine  mammals,  and 
phocid  seals  in  particular  arc  higher  than  those 
of  terrestrial  mammals  (Irving,  1972).  Of  the 
few  measurements  of  oxygen  consumption 
which  are  available  for  pinnipeds,  most  have 
been  obtained  from  restrained  seals,  and  usu- 
ally from  immature  animals  weighing  less  than 
50  kg.  In  such  cases  M  has  been  found  to  be  as 
much  as  twice  f  Irvinj2  and  Hart.  1957:  Luecke, 
Natarajan  and  South,  1975)  that  predicted 
by  Kieiber's  (1975)  cuuation  for  mammals 
OFig.  3): 


(4) 

where  M  is  measured  in  kcal/24h  and  W  is 

body  size  in  kg;  W"  is  often  termed  the  me- 
tabolic weight  (Kleiber.  1975:  Harris,  1966). 

As  Irving  (1972)  noted,  the  fact  that  re- 
strained, immature  and  presumably  growing 
animals  were  used  to  obtain  metaboUc  data  for 
seals,  might  explain  whv  the  results  were  high- 
er than  expected.  It  is  therefore  worth  stress- 
ing that  the  only  experiment  whidi  utilized  a 
free-swimming  (but  extremely  quiet)  adult 
seal  of  known  weight  in  the  post-absorptive 
condition  produced  an  estimate  close  to  Kiei- 
ber*s  equation  (Fig.  3)  for  mammals  (0ritsland 
and  Ronald,  1975).  More  recently  Gallivan 


'  3 — 3 — 3r~anrT5~ar-c — ^n: — a:  x  a: 

«M|M.  In 

FlO.  3.  -  Metabolic  rates  of  seals  in  relation  \o  N^tJv  si/c  (alter  Orilsland  and  Rt)nal(J.  ■  /'  \ini/inii  {sec  IrMnu  ci  ol..  1953); 

V  P.  viluliiia(SCC  Irving  and  Hart.  1937);  a  P.  vitulma  (see  Hart  and  Irving.  1939):  o  P.  groenhnJH  us  (see  Irx  ing  and  Hart. 
I9S7):  wide  nGttn||e,  lower:  P.  gmeHlandicus,  not  swimming:  wide  rectangle,  upper:  P.  eroenlandicus.  not  swimming:  uide 
recuuule,  upper:  P.  gfoenkuuttau,  free  swunmiiic  in  2  m  diameter  dnnilar  tank  (Weutein  and  Kng.  1971 :  as  ciud  in  Oriisland  and 
Ronald.  \97S):  •  P.  groentmuSeus.  active  ana.  a  resting  (0ritsland  and  Ronald.  1973):  O  P.  groenhtuHeus  (see  Gallivan. 
1977):  X  //  f'M/)//.*  (sec  Sihoiandcr.  1940):  v  f  cmWfa  (see  Scholander.  1940):  x  /». /j/s/i/V/o  (see  Parsons.  1977): /..  urt/,/i'/W 
^  mean  .iiul  ^  nuniniuni  delerniinatii>ns  (KtHnman,  1975);  ^P  i;ri>inl<ifu/i<  ii\pu\^.  •  IlisiriophiHU  fasciutu.  |  F.iimv- 
lopias  juhciiti',  pup.  ••  (>.  rosnwrus  pup.  <  f  \iniliiiii  pup.  antl  ^  (  ursiiiiis  (sec  Kerseni  and  Krng.  I97i|  .md  4  Z. 
califomianus  (see  Lueckc  ei  ai,  1975).  Dctcrmmations  for  two  cetaceans  ^  iuniops  iruncinus,  and  ^  PluKoena  phovoena  are 
ihown  for  oomparison  (Kooyman.  I97S).  205 
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( 1977)  and  Parson  ( 1977)  have  also  found  that 
basal  metabolism  in  contined  harp  seals  and 
ringed  seals  respectively  falls  near,  in  fact 
below.  Kleiber's  equation  for  mammals  (Fig. 
3)  0ritsIand  and  Ronald  (1975)  have  also 
noted  that  the  metabolic  rate  of  the  harp  seal 
appears  to  decrease  with  age  (increasiiig  size) 
and  may  approach  a  value  of  M  consistent 
with  Kleiber's  (1975)  equation. 

About  40  %  of  the  body  weight  of  many 
seals,  including  the  harp  seal  (Sivertsen,  1941), 
is  blubber,  chaiacterized  by  low  metabolic  ac- 
tivity. Thus,  even  a  metabolic  rate  conforming 
to  the  expected  would  still  indicate  a  body  core 
with  a  high  metabolic  rate  (0ritsland  and  Ro- 
nald, 1975). 

Further  studies  of  hasal  metabolism  in 
pinnipeds  arc  obviously  needed  to  clarify  the 
maintenance  energy  requirements  of  these 
animals. 


Tkermoregukition 

Mammals  regulate  their  deep  body 
temperature  at  a  set  point  by  balancing  their 
heat  production  with  heat  loss  (BUgh,  1973). 
Adaptive  mechanisms  keep  the  energy  requir- 
ed for  thermoregulation  to  a  minimum.  Thus, 
under  most  thermal  conditions  encountered 
by  a  mammal  in  its  normal  environment,  suf- 
ficient heat  is  evolved  through  basal  metabol- 
ism to  maintain  a  constant  deep  body  tempe- 
rature. 

For  most  mammals  at  rest,  heat  produc- 
tion in  the  post-absorptive  state  will  be  at  a 
basal  lc\cl  (equation  4)  over  a  range  of  envi- 
ronmciiial  temperatures.  I  his  range  of  tem- 
perature, designated  as  the  thermoneutral 
zone  (Bligh  and  Johnston.  1973)  is  bounded  by 
an  upper  critical  (T  J  and  lower  critical  (TJ 
temperature.  When  ambient  air  temperatures 
(T.)  rise  above  T.,  additional  energy  is  re- 
quired to  activate  evaporative  heat  dissipating 
mechanisms,  such  as  sweating  or  panting 
(Bligh  and  Johnston,  1973).  When  tempera- 
tures (TJ  drop  to  Tie,  the  thermal  insulation  of  a 
homeotherm  is  at  a  maximum  (Scholander  et 


el  al.,  1950).  As  \\  falls  belov.  T;^  extra  heat 
ener^  is  required  to  compensate  for  the 
additional  heat  loss  from  the  animal. 

The  relationship  between  hett  produc- 
tion and  low  environmental  temperatures 
(T,  <  l\)  is  approximated  by: 

M-C(T,-T.) 

where  M  is  metabolism  expressed  in  terms  of 
energy  flow,  is  the  deep  body  temperature, 
T.  is  ambient  air  temperature,  and  C  is  the 

thermal  conductance  (the  inverse  value  of  the 
insulation)  ot  the  animal.  Below  the  lower  cri- 
tical temperature,  additional  heat  production 
will  be  ivlativcK  small  for  a  well-insulated 
animal  and  high  tor  a  poorly  insulated  animal 
(Scholander    a/.,  1950.  Fig.  10). 

Newborn  harp  seal  pups  weigh  less  dian 
10  kg  and  lack  the  thick  layer  of  subcutaneous 
blubber  found  in  older  animals.  Basal  meta- 
bolic rates  in  these  young  animals  may  be 
twice  that  predicted  by  the  Kleiber  equation 
(equation  4.  Fig.  3)  (Davydov  and  MakaTOva, 
1964;  0ritsland,  unpubl.)'. 

In  recent  years,  some  insight  has  been 
gained  into  how  young  harp  seals  survive  the 
initial  days  of  lie  in  the  harsh  environment  of 
their  nurscrw  Davvdov  and  Makarova  (1965) 
reported  a  significant  elevation  in  metabolism 
in  harp  seal  pups  immersed  in  ice  water. 
0ritsland  (unpubl.)  found  no  such  increase  in 
metabolism,  but  rather  a  depression  in  deep 
body  temperature  when  the  cold  stress  was  in 
the  form  of  exposure  to  wind  and  rain  or  sleet 
conditions,  which  are  often  characteristic  of 
the  ambient  weather  on  the  whelping  ice.  Re- 
cent studies  (Grav,  Blix  and  Pasche,  1974; 
Blix,  Grav  and  Ronald,  1975)  have  observed 
the  presence  of  brown  fat  in  harp  seal  pups. 
This  discoven..  the  first  such  observation  in 
any  marine  mammal  (Grav,  Blix  and  Pasche, 
19/4),  suggests  that  young  harp  scab  may  also 
utilize  non-shivering  thermogenesis  to  pro- 
duce sufficient  body  heat  for  survival  under 
adverse  conditions,  prior  to  developing  an 
insulating  layer  of  blubber. 

Under  more  favourable  weather  condi- 
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lions,  when  the  sun  is  shining,  the  young  harp 
seal  like  many  pinnipeds  (e.g.  Fay  and  Ray, 
1968;  Ray  and  Fay,  1968)  may  utilize  solar 
radiation  as  an  external  source  of  heat  (Oriis- 
land.  1970).  The  white  foetal  hair  or  lanugo 
transmits  and  reflects  solar  radiation  down 
through  the  pelt  where  it  is  absorbed  at  or  near 
the  surface  of  the  skin  (Oritsland.  1971).  Sub- 
sequently thermal  infrared  radiation  (heat) 
emitted  from  the  skin  surface  becomes  trapped 
within  tiie  pelt.  This  "greenhouse**  effect  con> 
tributes  to  a  further  reduction  in  heat  loss  to 
the  environment  (0ritsland,  1971).  As  a  result 
of  these  adaptations,  skin  temperatures  as  high 
as  41  "C,  i.e.  higher  than  the  deep  body  tem- 
perature (37"  to  ,3S  C)  have  been  reported  in 
basking  harp  seal  pups  (0ritsland  and  Ronald, 
1973). 

In  the  absence  of  solar  radiation,  on 
cloudy  days  and  at  night,  the  young  pups  ap- 

Eear  to  seek  the  shelter  of  overhanging  ice 
ummodcs  to  escape  from  winds,  and  often 
freezing  rain,  thereby  avoiding  weather  con- 
ditions which  would  promote* further  heat  loss 
(0nisland  and  Ronald,  1973). 

A  lower  critical  temperature  of  about 
8  "C  has  been  reported  for  harp  seals  at  ahcnit 
three  weeks  of  age  after  their  first  moult 
(Iversen  and  Krog,  1973).  Frisch  and  0ritsland 
(1968)  had  predicted  that  metabolism  should 
double  for  a  20  "C  depression  (8"  to  12  "C)  in 
ambient  air  temperature  in  seals  of  this  age. 

It  thus  appears  that  survival  under 
adversely  cold  weather  conditions  is  achieved 
by  a  combination  of  adaptations,  including 
tolerance  to  hypothermia,  utilization  of  solar 
radiation,  changes  m  behaviour,  and  an  abili^ 
to  increase  heat  production  by  oxidation  of 
brown  fat  deposits. 

Research  is  needed  to  describe  the  ener- 
gy requirements  for  thermoregulation  in  harp 
seal  pups  adequately.  For  the  present  it  is  rea- 
sonable to  state  that  the  heat  loss  of  voung 
seals  IS  of  the  order  of  twice  basal  metabolism 
as  predicted  by  KIciber's  equation  (4).  1  his  is 
in  fact  characteristic  of  immature  animals  in 
general  (Denckla,  1970;  Nordan,  Cowan  and 
Wood,  1970). 


There  is  also  a  paucity  of  quantitative 
data  on  the  thermoregulatory  interactions 
between  heat  production  and  heat  loss  under 
various  ambient  conditions  in  adult  pinnipeds 
(Irving,  1969). 

For  the  purpose  of  the  present  discussion 
the  demonstration  of  the  assumed  high  effi- 
ciencv  of  adaptive  thermal  mechanisms  in 
pinnipeds  in  general,  and  the  harp  seal  in 
particular,  will  have  to  rely  on  a  comparative 
approach.  As  noted  above,  well-insulated 
mammals  have  a  lower  T^  and  a  lower  (per 
degree  C)  increase  (slope)  in  metabolic  rate  as 
drops  below  Tk,  than  less  well  insulated 
mamnials  (Sdiolander  ei  al.,  1 950).  In  addi- 
tion, pinnipeds  are  relatively  large  mammals 
with  a  small  surtacc-arca-to-volume  ratio, 
traits  which  favour  reduced  heat  loss  to  the 
environment  (Mayr,  1956).  A  lower  critical 
temperature  has  not  been  reached  in  immat- 
ure harp  seals  in  water  temperatures  down  to 
0  "C  (Irving  and  Hart,  1957).  In  harbour  seals, 
however,  seasonal  changes  in  T,,  have  been 
repc^rted  (Hart  and  Irving.  1959).  Oritsland 
and  Ronald  (1975)  observed  that  a  fai  adult 
harp  seal  in  water  of  9  *C  had  a  normal  mam- 
malian metabolic  rate  (as  predicted  bv  the 
Kleiber  equation.  Fig.  3).  Under  similar  am- 
bient conditions  a  leaner  seal  always  had  a 
higher  metabolic  rate.  Subsequently,  Gallivan 
(1977)  found  no  evidence  in  three  adult  harp 
seals,  of  basal  metabolic  rates  higher  than  that 
of  terrestrial  mammals.  Temperatures  betwe- 
en 1.8*  and  28.2  C  were  within  the  zone  of 
thermoneutrality.  In  addition.  0ritsland  and 
Ronald  (unpubl.  data)  and  Parsons  (1977) 
have  demonstrated  normal  mammalian  meta- 
bolic rates  (Kleiber,  1975)  for  ringed  seals 
Phoca  hispida. 

Thus,  it  would  appear  that  a  fat,  and 
therefore  wdl-insulated,  harp  seal  will  have  a 
lower  critical  temperature  below  0  "C  in  water. 
Furthermore,  the  cooling  effect  of  water  would 
be  such  that  a  significant  increase  (<  0.5  M)  in 
metabolic  rate  in  response  to  further  cooling 
would  only  occur  if  the  ambient  water  tem- 
perature was  depressed  to  between  5'  and 
—  10  °C,  a  condition  which  is  hardly  possible.  207 
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In  air.  however,  ambient  weather  condi- 
tions might  well  fall  below  the  seal's  critical 
thermal  environment  (Moen,  1968).  For 
example,  it  is  possible  that  pagophilic  seals 
m;iv  be  trapped  on  the  surface  of  the  ice  if 
leads  or  breathing  holes  freeze  up  (Stirling  and 
McEwan,  I97S).  Under  such  conditions  meta- 
bolic rate  would  have  to  increase  to  maintain 
deep  body  temperature.  If  these  conditions 
persisted  and  the  seal  had  no  access  to  food, 
the  effects  oould  be  lethal  (Stirling  and  McE- 
wan, 1975). 

From  a  bioenergetic  point  of  view,  the 
highly  developed  thermoregulatory  mechan- 
isms found  in  pinnipeds  ensure  that  fittle  or  no 
significant  energy  consumption  beyond  basal 
levels  is  necessan'  for  the  maintenance  of  ho- 
meothermy.  It  should  be  noted,  however,  that 
some  species  may  exhibit  a  significant  «hift  in 
temperature  sensitivity  throughout  the  year 
and  that  lean  seals  in  water  may  have  to 
increase  metabolism  to  meet  thermoregulatory 
demands. 

An  active  animal  requires  more  energy 
than  a  resting  animal  (Tucker.  1970; 
Schmidt-Nielsen,  1972;  Gold,  1973;  Calder 
and  Gold,  1974).  Generally,  walkers  expend 
more  energy  per  gram  to  cover  a  given  dis- 
tance than  do  flyers  (Scf^nidt-Nielsen.  1972a). 
Swimmers  appear  to  be  more  efficient  than 
both  walkers  and  flyers,  although  most  of  the 
evidence  has  been  derived  from  fish  (Tucker. 
1970;  Schmidt-Nielsen,  1972,  1972a).  Gold 
(1973)  has  estimated  the  specific  energy  cost  of 
locomotion  for  walking.  Hying,  and  swimming 
to  be  in  the  i^io  of  15:5:2. 

The  pinniped  body  shape  is  obviously 
adapted  for  an  aquatic  existence  (Harrison 
and  King.  1965).  The  body  is  streamlined  and 
ftuiform.  the  luad  is  relatively  small  and 
rounded  with  no  obvious  external  pinnae.  An 
indistinct  neck  merges  with  a  smoothly  con- 
toured trunk,  and  the  limbs  are  highly 
modified  for  swimming  (Harrison  and  lUng, 


1965).  While  direct  estimates  of  the  energy  cost 
of  locomotion  in  marine  mammals  are  not 
readily  available  in  the  literature,  quahtative 
observations  suggest  that  pinnipeds  are  rela- 
tively effortless  swimmers. 

The  energy  cost  of  locomotion  may,  how- 
ever, be  estimated  on  the  ba.sis  of  hydrody- 
namic  analysis,  or  more  directly  by  indirect 
calorimetrv',  i.e.  bv  determination  of  oxvsen 
consumption  at  various  swimming  speeds. 

In  the  context  of  hydrodynamics,  it  is 
recognized  that  the  movement  of  water  rela- 
tive to  a  marine  mammal  results  in  a  force  known 
as  drag  or  resistance  (lioerner,  1956)  operating 
against  the  direction  of  sw  imming.  Since  there 
are  inconsistencies  and  a  lack  of  information 
in  the  literature  covering  the  hydrodynamics 
of  marine  mammals,  a  presentation  of  relevant 
equations  and  symbols  seems  appropriate. 

Drag  is  described  by  the  equation: 

D-0.5CpV-A    (5) 

where 

D  is  drag  (force)  [mass  -  length  -  time  ^J, 
C  a  non-dimensional  drag  coefficient 

V  is  swimming  speed  [length  •  time  '] 

p  is  the  density  of  water  [mass  •  length  ') 
A  is  wetted  surface  area  and  is  not  nccessaiily 
equal  to  the  surfue  area  of  the  animal  It 
may  be  referred  to  as  a  dr^  area  [length*). 

The  drag  coelTicient  (C)  is  a  complex 
faction  of  the  Reynolds  number.  Reynolds 
law  considers  the  incrtial  and  vi.scous  forces 
acting  on  a  submerged  body.  These  forces  are 
expressed  as  a  dimensionless  number,  the 
Reynolds  number  (R.)  with: 

R,  =  lVp//t  =  1  •  V/v    (6) 

where  1  is  the  length  of  the  body  in  the  velocity 

direction  [length[,  and  fi  is  the  viscosity  of 
the  water  [force  •  time  •  length  ^.  The  ratio 

V  =  li/p  is  called  the  kinematic  viscos- 
ity [mass  *  time*  *  length'^.  For  a  detailed  dis- 
cussion of  the  above  ooncepti,  the  reader  is 
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re  ferred  to  Hoemer  (1965).  Webb  (1975X  and 
V  ennard  and  Street  (1975). 

Having  outlined  the  forces  resisting 
movement  in  water,  the  power  needed  to  over- 
come the  drag  is  calculated.  Power  (P).  by 
definition,  is  the  energy  required  per  unit  time 
and  may  be  calculated  by: 

P  «  D  •  V  (force  •  length  ♦  time  'J.  (7) 

Kurbatov  and  Mordvinov  (1974)  per- 
formed detailed  hydrodynamic  analyses  of 

harp  seals.  Thev  defined  a  functional  rela- 
tionship between  R,  and  C.  Consider  a  120  kg 
harp  seal  1.65  m  in  length  (harp  seal  data 
bank,  University  of  Guelph).  Swimming  at 
1.95  m  s  '  this  anim;il  would  have  an  R,  of 
2.156  X  10'  and  a  corresponding  C  of  0.015 
(Kurbatov  and  Mordvmov,  1974). 
Using  the  formula: 

A  =  0.08W"'llenglhT    (8) 

for  the  surface  area  of  a  seal  (Irving  et  aL 

1935)  and  0=  1020  kg  m  \  the  necessary 
power  would  be  P  =  112.3  watts  or  96.7 
kcal  h  '.  If  an  overall  swimming  efficiency  of 
0:25  is  assumed  (Luecke,  Natarjan  and  South, 
1975).  i.e.  25  of  the  net  swimming  metabo- 
lism is  converted  into  thrust,  the  net  cost  of 
locomotion  is  about  449  watts  or  387  kcal  h  , 
vMch  is  about  4  times  the  basal  metabolic  rate 
calculated  from  Kleiber*s  equation  (Fig.  3). 
The  energetic  cost  of  moving  one  gram  of  ani- 
mal a  distance  of  one  kilometer  is  thus  0.46 
cal  g-'  km~*. 

In  comparison  with  the  above  calcula- 
tions based  on  hydrodynamic  principles, 
measurements  of  oxygen  consumption  in  cap- 
tive harp  seals  (0ritsland  and  Ronald,  1975) 
swimming  at  about  2  km  h  '  produced  an 
estimate  of  0.34  cal  g  '  km  '  (0ritsland  and 
Ronald,  unpubl.),  or  0. 12  cal  g  '  km  '  less  than 
that  obtained  by  the  first  method. 

In  order  to  compare  these  two  estimates 
with  available  data  for  other  animals 
(Schmidt-Nielsen,  1972a),  a  caloric  equivalent 
of  4.7  calml~'  oj^en  consumed  (Harper, 


1975)  was  used,  corresponding  to  a  non-pro- 
tein respiratory  quotient  (RQ)  determined  for 
harp  seals  of  between  0.70  to  0.75  (0ritsland 
and  Ronald,  1975).  This  gave  estimates  of  the 
net  cost  of  locomotion  of  0. 1  and  0.07  ml  O2 
g  '  km  '  based  on  hydrodynamic  analysis  and 
indirect  caiorimetry,  respectively  (Fig.  4). 

The  experimental  determination  of 
oxygen  consumption  in  a  swimming  .seal  sug- 
gests that  the  net  energy  cost  of  locomotion  is 
similar  to  that  found  in  fish  (Fig.  4).  The  esti- 
mate based  on  hydrod3niamic  analysis  was 
slightly  higher,  verv  close  to  the  regression  line 
for  walking  and  running  animals  (Fig.  4). 

Luecke,  Natarjan  and  South  (1975)  pro- 
vided similar  data  for  an  otariid,  the  California 
sea  lion,  Zalophus californianus.  They  reported 
a  net  cost  of  locomotion  of  100  kcal  h  '  (in 
addition  to  basal  metabolism)  to  maintain  a 
swimming  speed  of  240  m  min~'  (14.4  km  h~'). 
Assuming  an  average  bod\  weight  of  31.55  kg 
(I  uecke  Natarjan  and  Soutli,  1975).  this  gives 
an  estimate  of  oxygen  consumption  of  about 
0.047  mg  Oi  g-'  km-'.  This  estimate  also  falls 
on  the  "fish  line"  and  is  considerably  less  than 
the  energetic  cost  of  locomotion  for  a  walking 
or  running  animal  of  the  same  size  (Fig.  4). 

A  variation  of  0.12  calg~'km~',  may 
initially  seem  insignificant.  How  ever,  its  bioen- 
ergetic  implications  become  important  when 
the  appropriate  multiplications  with  body  size, 
swimming  distance,  and  population  size  are 
performed. 

Thus,  for  the  harp  seal  population  in  the 
western  Atlantic,  0.12  calg  '  km  '  must  be 
multiplied  by  100  (XX)  g  (minimal  estimate  of 
average  body  size),  by  10*  animals,  each  of 
w  hieh  may  swim  in  excess  of 6  000  km  per  year 
during  migration  (Sergeant,  1965)  and  while 
foragmg  for  food.  The  difference  in  the  two 
estimates,  when  considered  in  terms  of  the 
whole  population  over  one  year,  is  roughly 
equivalent  to  7.2  X  10'"  kcal  or  7.6  X  10*  kg  of 
fat,  i.e.,  7  600  tonnes  of  fat,  or  between  45  000 
and  80  OOO  tonnes  (wet  weight)  of  capelin. 

Obviously,  the  energetic  cost  of  swim- 
ming constitutes  a  significant  item  in  the  energy 
budget  of  the  harp  seal  in  particular,  and  of  209 
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Body  Weight,  kg 

FIG.  4.  —  The  eneigy  oosi  oflooomoikHi,  exprewed  as  the  amount  or  oxygen  required  lo  iraa»pert  1  g  oT  animal  a  distance  of  I  km 

(redrawn  rrom  Sclimidt-Nielscn,  1972b).  Small  circles  -  walking  and  running.  Solid  circles  refer  lo  the  net  cost  oF  locomotion.  Open 
circle*  refer  to  the  lolal  oxygen  consumption  of  animals  while  moving  and  therefore  include  the  resting  Oj  consumption;  thus,  these 

pmnts  .ili<n(.'  ihc  rciirfssiiin  line  for  ticM  oisi  ■  ■.wmiminjj  iinini.il^  ili  'i  i  a  duck  swimimiij  .ii  the  surl.Ko;  m.in  swimminp  .ii 
the  surlaic;  if-  energy  eosi  of  |(n<<miiiion  lor  a  h.trp  seal.  P<i^i>plulu\  ^nicniandu  us.  cslimalcJ  Irorn  tixygcn  fonMimpiion  exiK-ti- 
ments  (OntNlanJ  and^RimalJ.  I975i.inJ  from  h\dr<>dvn.imie  analysis;  and  a  an  estimate  Of  the  net  OOSI  of  tooomoiion  for  a 
California  sea  lion,  Zaiophus  caii/ornianus  (from  Lucckc  et  at,  1975). 


pinnipeds  in  general.  However,  the  actual 
quantities  involved  must  be  determined  by 
experiments  and  through  field  observations, 
which  have  yet  to  be  performed. 

Respiratory  anil  h\drod\namic  factors 
can  both  be  measured  in  the  laboratoiy  by 
using  water  flumes  or  channels;  information 
thus  obtained  will  be  relevant  to  the  problems 
of  drag,  critical  Reynolds  numbers,  and 
swimming  etHlciencies.  Field  observations  will 
provide  more  detailed  information  on  daily 
and  seasonal  activity  patterns,  swimming 
210    speeds,  and  distances  travelled.  All  these  data 


will  be  needed  in  order  to  evaluate  properly 
the  energetic  cost  of  locomotion  for  pinnipeds. 

Produclion  Energy 

Production  energy  (NE^)  is  utilized  for 
growth  and  reproduction,  and  in  mammals  for 
the  production  of  hair  and  milk  Since  growth 
is  usually  determined  from  a  series  of  measu- 
rements obtained  either  in  the  fleld  or  from 
captive  anjnials,  a  discussion  of  morphome- 
tries is  appropriate  at  this  time.  Production 
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energy  will  then  be  discussed  under  the  sec- 
tions foetal  growth,  post-partum  growth  dur- 
ing nufsing,  and  subsequoit  growdi  as  the 

animal  becomes  nutritionally  self-sufficient 
and  matures  mto  an  adult  member  of  the 
breeding  population. 

Morphometries 

Measurements  of  individual  animals  in  a 
population  are  often  routinely  collected  by 
mammalogisis  in  conjunction  with  other  stud- 
ies. With  reference  to  seals,  a  list  of  standard 
measurements  has  been  proposed  (American 
Society  of  Mammalogists,  1967).  Some  of 
these  measurements  are  particularly  impor- 
tant to  tfie  study  of  bioenergetics,  including 
standard  length,  axlllaiy  girth,  weight,  and 
blubber  thickness  Since  weight  and  blubber 
lhicknc!>s  may  vary  seasonally,  the  date  of 
measurement  is  important  The  age,  often  ob- 
tainable from  tooth  sections  (Laws,  1953; 
Fisher  and  Mackenzie,  1954).  sex.  and  repro- 
ductive condition  of  the  animal  should  be 
noted  where  possible. 

TTie  importance  of  such  fundamental 
data  in  relation  to  bioenergetics  cannot  be 
over-emphasized.  While  they  are  presently 
available  for  a  number  of  pinniped  species, 
there  arc  significant  deficiencies,  some  of 
which  may  be  difficult  to  overcome. 

For  an  adequate  survey  of  wild  species 
as  many  animals  as  possible  should  be  ob- 
tained during  each  month  of  the  year  (Asdell, 
]%5).  This  is  not  always  possible  for  many 
pinnipcds.^  but  efforts  should  be  made  to 
spread  sampling  periods  over  different  parts  of 
the  year,  instead  of  collecting  all  the  samples 
for  one  year  at  one  time.  Furthermore,  the 
difficulty  of  obtaining  a  random  sample  of  a 
population  (Caughley,  1066)  must  not  be 
overlooked,  and  attempts  should  be  made  lo 
identity  biases. 

Reproductive  condition  should  be  relat- 
ed to  body  size  noting  that  body  length  is  often 
a  better  measure  of  body  size  than  weight 
(Asdell,  1965).  In  many  pinnipeds,  length  is 


less  dependent  upon  incidental  factors  than 
bod^  weight  and  varies  less  seasonally,  in 
addition  it  is  subject  to  less  variation  at  pu- 
berty (Asdell.  1965). 

Much  of  this  information  is  collected  an- 
nually by  seal  biologists.  The  recommendation 
that  measurements  be  standardized  (Ameri- 
can Society  of  Mammalogists,  1967)  bears  re- 
peating. Additionally  measurements  might  be 
recorded  on  computerized  data  sheets,  suit- 
able fork^punching.  which  could  be  stored  in 
a  central  computer  facility  and  made  available 
to  the  scientific  community  on  request.  Valu- 
able data  would  thus  be  preserved  for  future 
analyses,  and  comparative  research  on  various 
pinnipeds  might  be  slinuilated. 

The  data  would  also  be  available  to  a  far 
greater  number  of  scientists  than  at  present, 
since  most  of  it  is  now  stored  in  the  filing 
cabinets  of  individual  scientists,  and  in  res- 
tricted reports  to  various  national  and 
international  conmiittees.  This  latter  practice 
has  hindered  die  free  exchange  of  information 
in  marine  mammal  biology  Valuable  infor- 
mation should  be  pubhshed  in  the  primary 
sdentilic  literature,  where  (hopefully)  it  will  be 
subjected  initially  to  critical  review  before  be- 
coming readily  available  to  all  interested  par- 
ties. 


foetai  Growth 


The  gestation  period  of  most  pinnipeds 
can  be  divided  into  three  parts.  Initially,  the 
fertilized  ovum  undergoes  rapid  growth  to  the 
blastocyst  stage  of  development.  This  is  fol- 
lowed by  a  period  of  arrested  development, 
commonly  called  delayed  implantation 
(Fisher,  1954,  1954a).  Later  the  bUistocyst  be- 
comes attached  to  the  uterine  wall  and  devel- 
opment continues  to  parturition  as  in  most 
other  mammals. 

A  limited  amount  of  relevant  informa- 
tion is  available  on  foetal  growth  in  pinnipeds. 
Foetal  length  appears  to  be  highly  correlated 
with  weight.  For  grey  seals,  Halkiwerus  ^ry-     2 1 1 
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pus.  this  relationship  may  be  derived  from  data 
in  the  literature  (Hewer  and  Backhouse.  1968): 

W  -  5.75  •  10  '  I"*     (r  -  0,995)  (9) 

where  W  is  weight  m  kg  and  1  is  length  in  cm. 
A  similar  equation: 

W  =  6.15  •  (r  =  0.997)  (10) 

may  be  derived  from  SchefTer's  (1962)  data  for 
the  northern  fur  seal  Callorhinus  ursinus. 

The  striking  similarity  between  the 
length/weight  relationship  for  a  loetal  phocid 
and  a  foetal  otariid  suggests  that  if  data  are  not 
available  for  a  particular  species,  the  equation 


W  =  610-»P« 


(11) 


would  be  a  reasonable  first  approximation. 
This  is  consistent  with  the  genenilization  that 

weight  is  a  function  of  length  to  the  tiiird 
power  (Ricker,  1975). 

Data  on  foetal  growth  are  also  available 
for  various  other  pinnipeds  including  the  har- 
bour seals  jP.  vitulina  richardi  (Bigg.  1969)  and 
P.  vitulina  r^j^co /or  (Boulva,  1973),  and  ringed 
seals  (Smith,  1973). 

Little  is  known  about  the  energetic  re- 
quirements  for  foetal  growth  and  develop- 
ment in  pinnipeds.  Moon  ( 1973)  has  estimated 
the  energy  requirements  of  gestation  for  w  hi- 
te-tailed  deer  Chhcolleus  virginianus  using 
data  from  domestic  cattle.  The  total  energy 
requirement  tor  gestation  includes  the  expense 
of  maintaining  the  pregnant  uterus,  the  energy 
required  for  foetal  growth,  the  increase  in 
maternal  wotV.  and  the  endwrine  influences 
on  the  metabolism  of  the  pregnant  female 
(Brody,  1945). 

Moen  (1973)  used  cattle  data  to  estimate 
the  daily  metaboli/able  energy  cost  during 
gestation.  This  equation: 


(12) 


(where  is  the  ener^  requirement  [kcal], 
and  u  is  gestation  time,  i.e.  2S0  days)  was  then 
generalized  to  a  number  of  ungulate  species 
(Moen,  1973).  Further  generalization  to  harp 


seals  is  perhaps  questionable  due  to  the  large 
differences  in  mass  and  thus  metabolic  rate 
(per  unit  weight)  between  a  7  kg  seal  pup  and  a 
45  kg  calf.  Nevertheless,  the  cost  of  pregnancy 
for  cattle,  about  twice  Kleiber's  (1975)  weight 
specific  basal  metabolic  rate  of  the  foetus,  may 
be  a  useful  approxiniation  for  seals,  given  the 
present  state  or  the  artscience.  This  w  ould  give 
an  energy  requirement  of  602.49  kcal/dav  ' 
(or  86.07  kcal  kg  '/day  ')  for  the  full  term 
harp  seal.  Use  of  an  exponential  growth  func- 
tion  similar  to  Moen's  (equation  12)  but 
adjusted  for  the  final  metabolic  rate  of  the 
foetus,  results  in  an  average  estimate  of  19.22 
kcal/kg''  (foetal  weight)/aay~'  or  approxnna- 
tely  29000  kcal  (ME)  per  foetus  over  a  gesta- 
tion peri(^d  of  215  days  assuming  a  birth 
weight  of  7  kg. 

The  relatively  large  size  of  pinniped 
foetuses  at  full  term  has  been  noted  by  Laws 
(1959).  This  may  be  advantageous  in  cold  en- 
vironments, reducing  the  surlace  area  to  vol- 
ume ratio,  and  thus  heat  loss  (Mayr,  1956).  It 
may  also  be  related  to  the  advantages  of  pre- 
cocity and /or  the  reduced  limitations  to 
growth  aftorUed  by  the  aquatic  environment 
(Laws,  1959).  Whatever  the  reason  for  the 
production  of  a  relatively  larger  foetus  ma\  he, 
it  requires  relatively  more  energy  than  for 
most  other  mammals. 

From  equation  (12)  it  can  be  seen  that 
the  length  of  the  gestation  period  influences 
the  energv  cost.  Havmg  a  period  of  suspended 
development  may  ensure  that  parturition 
takes  place  at  a  particular  time  of  year  without 
much  additional  energ\  drain  on  the  female. 
For  example,  in  the  harp  seal,  birth  takes  place 
in  the  western  Atlantic,  coincident  with  the 
presence  of  suitable  ice  for  whelping,  and 
suitable  food  in  the  form  of  large  concentra- 
tions of  crustaceans  (Sergeant,  1965, 1973a)  for 
the  newly-weaned  pups. 


Mm 


Milk  is  the  sole  source  of  nouri.shment 
for  a  seal  pup  during  the  early  stages  of  its  hfe. 
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Although  the  aursing  period  varies  among  the 
pinnipeds  (Hanisoii,  1969),  production  of 
milk  obviously  represmts  a  significant  de- 
mand on  the  coergf  resources  of  the  lactating 
female. 

The  gross  oomposttkm  of  pinniped  (and 
cetacean)  milk  differs  significantly  from  that 
of  most  mammalian  species  {Table  6).  It  con- 
tains extremely  high  concentrations  of  fat  rel- 
ative to  most  mammals,  and  only  trace 
amounts  of  lactose.  This  fat-rich  milk  provides 
a  source  of  energy  for  normal  metabolic  func- 
tions and  in  many  species  allows  the  young 
pinniped,  as  it  matures,  to  deposit  quickly  the 
thick  layer  of  subcutaneous  blubber  which  is 
so  necessarv  for  maintaining  homeothermy 
(Irving,  1969),  and  thus  for  survival.  This 
blubber  layer  is  also  important  in  streamlining; 
it  gives  the  animal  buoyancy  in  water  (Kooy- 
man  and  Drabek,  1968),  and  enables  it  to  build 
up  sufficient  energy  reserves  to  survive  the 
period  between  weaning  and  the  establish- 
ment  of  nutritional  self-sufTiciencv  (Sivcrtscn. 
1941:  Laws,  1959;  Bryden,  1968;  Harrison, 
1969). 

Itisdifiicult  to  generalize  about  the  milk 
composition  of  pinnipeds.  The  values  reported 
in  i  able  6  should  not  be  regarded  as  absolutes, 
since  it  has  been  established  that  fat  ocmtent  in 
milk  m  some  pinnipeds  changes  during  the 
nursing  period.  Fat  content  decreases  with 
time  in  the  harp  seal  (van  Horn  and  Baker, 
1971 ),  increases  m  the  Weddell  seal  (Kooyman 
and  Drabek,  1968;  StuU,  Brown  and  Kooy- 
man. 1967).  and  reaches  a  peak  somewhere  in 
the  middle  of  the  lactation  period  in  the  ele- 
phant seal  Mirounga  leonina  (Bryden,  1%8). 

Milk  output  may  also  change  with  time 
(Br>den,  l%8).  Therefore  it  is  important  to 
record  the  time  relative  to  the  time  of  parturi- 
tion at  which  the  sample  is  obtained  for  ana- 
lysis. Standardization  of  techniques  for  collec- 
tion and  analysis  should  also  be  encouraged 
since  many  variables  have  been  shown  to  af- 
fect the  results  (Silvertsen,  1941),  such  as 
whether  the  samples  were  obtained  from  live 
or  dead  animals,  the  presence  or  absence  of 
blood  in  the  sample,  freeze-drying,  and  the 


amount  of  agitation  duhne  handling.  De^te 
diese  proUems,  die  oonctotions  between  fat 
concentration,  growth  rates,  and  the  length  of 
the  nursing  period  appears  to  be  generally  ac- 
cepted (Laws,  1959). 

Fatty  acid  composition  of  pinniped  milk 
seems  to  remain  fairly  constant  over  the  lacta- 
tion period  (van  Horn  and  Baker.  1971).  al- 
though it  is  important  to  realize  that  any 
number  of  factors,  such  as  diet,  temperature, 
physiological  state  and  genetic  constitution, 
could  atTcct  the  results  (Glass,  Troolin  and 
Jennc&s,  1967).  Fatty  acid  composition  of  milk 
and  stored  fats  does  not  appear  to  differ  rigni- 
ficantly  in  terms  of  the  proportions  of  the 
major  components  l.ong-chain  unsaturated 
latty  acids  are  characteristic  of  milk  fat  of  seals 
(Meara,  1952;  Ackman  and  Jangaard,  1965; 
Ashworth.  Ramaiah  and  Keyes.  1966:  Jan- 
gaard and  Kc.  1968),  as  well  a.s  of  whales  and 
polar  bears  {Ursus  maritimus)  (Glass,  Troolin 
and  Jenness,  1967;  Jenness,  Erickson  and 
Craighead.  1972).  I(  seems  (hat  these  are  de- 
rived primarily  from  plankton  and  fish  (and 
seals,  in  the  case  of  the  polar  bear)  which  these 
animals  eat  (Glass,  Troolin  and  Jomess,  1967). 
Since  the  major  fatty  acid  components  are 
virtually  in  the  same  proportions  in  both 
blubber  and  milk  fat,  it  would  appear  that  the 
mobilization  of  fats  from  the  blubber  of  the 
lactating  females  is  accomplished  with  a  mini- 
mum of  biosynthesis  from  precursors. 

Several  authors  have  suggested  that  milk 
compositiim  has  evolved  in  respcmse  to  the 
nutrient  requirements  of  the  young  animal  as 
the  major  selection  pressure  (Blaxter,  1961; 
Ashworth,  Ramaiah  and  Keyes,  1966;  Jeimess, 
1974).  However  several  other  factors  must  be 
taken  into  account.  The  nutritive  value  of  the 
milk  is  dependent  not  only  upon  its  gross 
composition,  but  also  upon  the  quantity 
ingested  bv  the  pup  (Jenness.  1974).  Very  little 
is  known  about  the  milk  mtake  of  nursing 
pinnipeds.  Bryden  (1968)  has  attempted  to 
give  quantitative  estimates  for  the  amount  of 
milk  produced  by  the  southern  elephant  seal 
as  well  as  that  consumed  by  the  pup  during 
lactation.  Such  estimates  are  only  of  value  in  213 
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Table  6.    Ciross  composition  of  pinniped  miiii.  Valutas  for  other  nuinini;ils  are  giten  for  cnmpari<ion ' 


Spedes 

%  Lipid 

%  Praiein 

%  Lactose 

%  Water 

Energy 
kcal/gm' 

Rererences 

PINNIPEDIA 

Phocidae 

Paeophilus  groeniandiLUs 

Dup  seal 

41.5 

7.6 

0.12 

- 

- 

van  Morn  &  Baker.  1971 

50.2 

6.8 

0.69 

42.0 

5.2 

Cook  &  Baker.  1969 

42.8 

12.0 

0.0 

43.8 

Sivertscn.  1941 

in  c 

IMI 

sivensen,  I94i 

Pkoai  vitulina 

45.0 

a  A 
yjj 

Harrison,  1960^ 

jiiinx>ur  scai 

HaHckoerus  f^rypus 

ercv  seal 

Cyslophura  i  risiaio 

S3J2 

11.2 

2.6 

— 

5.75 

AmoKMo  er  0/.  1951 

40.4 

6.7 

0.0 

49.9 

4.21 

Sivcrtsen.  1941 

hooded  seal 

Latmyelio$esweddeai 

ur  Jill  ■■  ■ 

weddell  seal 

42.1 

15.8 

1.0 

43.6 

4.89 

StuU  et  uL,  1967' 

42.2 

Kooyman  «  Drabek,  I96S 

Mirnun^ia  an^uslirosiris 

1 1.7 

A  T 

11.7 

3.43 

as  died  in  Jenness.  1974 

northern  elephant  seal 

mlftfUnEO  iCOninQ 

DrtMlMi    IQiUI  3  /in  Mill /mil 
DIjfQCIa*  ItDo    (UI  KUtftntf 

C4>|iih£ni  glgfih-Miit 

34.9 

13.6 

0.0 

4.20 

Pilson  A  Kelly.  1962 

California  sea  lion 

460 

Wilke  1959* 

northern  Air  seal 

53.3 

9.6 

0.11 

I 

5.4 

Ash  worth  ei  o/.,  1966 

19.0 

10.0 

Rand  1956* 

South  African  Turseal 

CETACEA 

Odonloccti 

Delphimmierus  leucas 

26.9 

10.6 

0.74 

59.0 

3.2 

Lauer  &  ikiker.  1969 

B               a.  a 

beluga  whale 

Tur.siiift \  !nwcaiu\ 

16.7 

9.6 

a77 

— 

— 

Eichelberger  «f  1940^ 

biiiiknoM.-  Uulphin 

Slenelta  gmffmmi 

25.3 

8.3 

1.9 

- 

- 

Pilson  tt  Waller.  1970 

spotted  pt>rpoise 

Phocoena  sp. 

45.8 

11.2 

1.3 

41.1 

4.99 

Purdic.  1884^ 

porpoise 

ProJclphinus  nlapoJott 

18.0 

9.4 

a63 

2.25 

Eichelberger   a/..  1940* 

spv^iicd  dolphin 

Mysticed 

Baiaenoptera  musculus 

38.1 

12.8 

47.2 

Siveitsen.  1941 

blue  whale 

42.3 

10.9 

IJ 

4.61 

Gregory  et  al,  1955' 

Balaenopiera  boreaHs 

22.2 

12.0 

1.8 

Takata.  192M 

sei  wlialc 

Babenoniiro  physaha 
lio  wnaie 

30.6 

13.1 

54.1 

Siveitsen.  1941 

28.6 

11.4 

2.6 

57.9 

332 

Lauer  A  Baker.  1969 

51.0 

13.0 

4.5 

While.  195.1  < 

32.4 

12.8 

OJ 

3.8 

Ohta  cf  al.,  195.^ ' 

Megi^era  tmaeangUae 

38.5 

46.7 

Pedeiscn,  1952  > 

humpbadc  whale 

33.0 

12.5 

LI 

3J6 

Chittleboiougb,  1958  > 
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Table  6.    Gross  composilion  of  pinniped  milk.  \'aliifs  for  other  mammals  are  c'^en  for  cf)mparis»in  '  u nm  hidedi 


Species  %  Lipid     %  Ptoiein    %  Lactose    %  Water     k^al/oVn^  References 


OTHER  MAMMALS 


Ursus  martiimm 
pcdar  bear 

31.4 
33.1 

11.0 
11.8 

0.74 
0.3 

55.1 

3.6 

Cook  ei  tiL  1970 
Jenness  tt  aL  1972 

Musiela  vison 
mink  • 

3.6 
3.3 

7.4 
7.7 

8.2 
10.3 

LI 

Conanl.  I%2* 
Conani.  1962' 

Alopex  lagi^us 
Arctic  fox 

IL8 

110 

5.4 

2.01 

Dubrovskaya.  1965  > 

Bos  laurus 
domestic  cow 

3.7 

3.3 

4.8 

87.0 

0.74 

Sptviiir.  19.56' 

Rangifer  utnmdus 
canbou  -  wild 

19.1 

n.8 

2.4 

2.56 

McEwan  &  Whitehead 

Dipndiinns  morricnu 
kangaroo  rat 

Homo  sapwnt 

733 

1.3 

6.5 

50.4 
87.0 

0.72 

Koojrman.  1963 
Schumacher.  1934' 

man 


'  For  nu>ri-  cttiiipkic  sumrn.itv  tee  Bca  Sluiui(l962>. 

-  (  jkuljial  turn  inn^^  cnmp(iriliMutegcala(kcqiii«»kBUtbrll|iid.piMciB.aii4ariiohy^  1% 
'  As  cilcd  in  Jcnnns  {WA}. 

*  As  died  n  Hmimm  (I9M). 

*  As  ciMd  to  tea  Stoal  (!«:). 


indicating  the  relative  amounts  involved 

(Br\dcn.  1972).  Prepartum  diet  ofthc  female  is 
one  of  the  many  factors  that  may  affect  milk 
yield  (Church  and  Pond,  1974). 

Linzell  (1972)  provided  a  oomprehen- 
.si\  c  review  of  milk  yields  and  energv  cost  in 
different  mammalian  species.  No  marine  spe- 
cies were  discussed  in  detail,  although  a  tenta- 
tive estimate  of  the  eneigyoostlrf' lactation  for 
the  blue  whale  Balaenoptera  muscuJus  was 
given.  A  similar  estimate  for  the  sperm  whale 
Physeter  catodon  has  been  calculated  by  Lode- 
yer  ( 1976).  In  most  species,  the  lactating  fe- 
male must  increase  food  intake  in  order  to 
maintain  an  ener^  balance  during  nursing 
(Brody,  1945;  LinzdU,  1972;  Moen,  1973;  Lodc- 
yer.  1976).  Manv  female  seals,  however,  ap- 
parently fast  or  eat  very  little  during  the  lacta- 
tion period  (Laws,  1959;  Sergeant,  1973).  This 
is  confirmed  by  the  observation  of  a  marked 
weight  loss  in  female  seals  when  nursing 
(Amoroso  and  Matthews,  1952;  Laws,  1959; 
Sergeant,  1973),  whidi  implies  that  veiy  little 


food  is  taken  at  this  time,  or  else  that  little  of 
the  assimilated  energy  is  channelled  into 
maintenance. 

There  are  few  or  no  data  on  stomach 
capadties  of  young  seals,  rates  of  assimilation, 
frequencv  <^f  suckling  and  the  duration  of 
suckling  penods,  and  the  quantity  of  milk 
ingested  during  each  session.  Nor  are  there 
values  for  the  v<dttmeof  milk  readily  available 
to  the  pup  at  any  given  time,  although  Bryden 
(1968)  has  obtained  some  data  for  the  southern 
elephant  seal  and  Harrison  (1969)  gives  an 
estimate  for  the  northern  fur  seal.  Adequate 
estimates  of  these  parameters  would  be  extre- 
mely dillicull  to  obtam.  however,  snice  a  wide 
variety  of  extraneous  factors  may  be  operative 
at  anv  iziven  time.  Suitable  conditions  for  ob- 
scr\ation  cannot  easily  be  predicted  or  ob- 
tained -  for  instance  it  is  not  known  to  what 
extent  seal  pups  suckle  at  night  (Bryden,  1968). 
The  cautious  behaviour  of  female  seals,  com- 
bined with  the  stresses  imposed  by  capture  and 
restraint,  the  variety  of  methods  used  to  obtain    2 1 5 
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samples,  the  difficulties  of  obtaining  adequate 
sample  sizes,  and  the  general  neglect  ol  rele- 
vant physiological  data  for  each  pup  (includ- 
ing exact  age.  sex,  body  length  and  weight, 
etc.)  makes  evaluation  of  present  data  diffi- 
cult, and  certainly  imposes  restriciions  upon 
future  investigatioiis. 

Milk  production  necessarv  to  meet  the 
energetic  requirements  of  the  pup  can  never- 
theless be  eslmialed,  and  has  been  calculated 
in  the  past  (Moen,  1973).  An  equation  for  daily 
milk  production  (MP  in  kcal)  described  below 
may  thus  be  used  as  a  first  approximation: 

A  +  GI  +  2(70W*") 

MP  =   g-i  (13) 

where  A  is  an  estimate  ol  liie  net  cost  of  loco- 
motion which  in  many  sedentary  young  pin- 
nipeds may  be  negligible  [kcal  day  '].  Ci  I  is  the 
daily  growth  increment  which  has  been  esti- 
mated for  a  number  of  pinnipeds  (Lindsey, 
1937;  Amoroso  and  Matthews.  1952;  Laws, 
1953:  Templeman.  1966)  expressed  in  cnergv 
units  [kcal  day  'J.  I  he  factor  2  accounts  for  the 
higher  basal  metabolic  rates  (equation  4)  re- 
ported in  young  animals  and  discussed  pre- 
viously, and  E  is  the  net  cnercv  coefficient  for 
milk,  which  represents  the  proportion  of  milk 
(energy)  consumed  which  is  available  to  the 
pup  as  net  energy  (NE).  Moen  (1973)  used  a 
value  of  E  =  0.80  in  his  calculations  To  ex- 
press daily  milk  production  in  grams  ol  milk, 
equation  13  must  be  divided  by  the  energy 
equivalent  for  milk  (\loen.  1973)  which  in 
harp  seals  is  about  4.8  kcal  g  '  (Table  6). 

The  equation  describing  the  total  milk 
production  (MPt)  during  the  nursing  period 
would  then  be: 

MP,-  i  A±2Lt^£m (.4, 

where  n  is  the  length  of  the  nursmg  period 
[days]  and  W,  is  the  weight  of  the  pup  on 
the  I  th  day  where  W,  —  weight  at  birth, 
W,  =  W,  -I-  GI,  W,  =  W,  -I-  Gl  etc 

MPn  however,  does  not  represent  the 


total  energy  cost  to  the  female  to  produce  milk. 
The  actual  cost  of  milk  production  will  be 
somewhat  higher  and  for  dairy  cattle  has  been 
estimated  to  be  over  1.6  times  the  energy  con- 
tained in  milk  (Crampton  and  Harris.  1969). 
Thus,  for  seals,  the  total  energy  cost  of  milk 
production  for  the  lactating  female  will  be 
higher  than  MPt.  Lacking  data  to  the  contrary, 
an  estimate  of  1.6  MP,,  will  be  assumed. 

Using  equation  14,  above,  we  have  cal- 
culated MPt  H>r  harp  seals  as  approximately 
240  000  kcal.  using  a  GI  of  1.6  kg  day  '  (Tem- 
pleman. 1966).  converted  to  kcal  using  the  ca- 
loric equivalent  for  whole  rmged  seal  pups  of 
5.21S  kcal  g-'  (Stirling  and  McEwan,  197S). 
Activity  (A)  of  vcr\'  voung  harp  seal  pups  is 
negligible  and  no  estimates  of  the  cost  of  lo- 
comotion for  older  pups  are  available.  Thus  A 
was  assumed  to  be  zero,  with  any  nunor  activ- 
itv  taken  care  of  bv  assuming  that  the  pups' 
basal  metabolism  is  twice  the  theoretical 
M  =  70  W^".  This  MPt  may  thus  correspond 
to  an  energy  cost  to  the  lactating  female  of 
about  -■^84  000  kcal,  equivalent  to  42.7  kg  of 
body  lat.  For  a  fasting  150  kg  female  harp  seal, 
this  represents  a  28  %  weight  loss  during  the 
lactation  period.  T  his  is  remarkably  similar  to 
the  26  wciiiht  loss  reported  tor  a  nursing 
grey  seal  (Amoroso  and  Matthews,  1952).  If 
the  female  seal  eats  during  the  nursing  period, 
this  theoretical  weight  loss  may  not  be  realiz- 
ed. 

Posmatai  Growth 

Postnatal  growth  in  pinnipeds  is  charac- 
terized by  a  rapid  initial  increase  in  body  size 
during  the  first  year  (Laws,  1 959),  followed  by 

a  more  gradual  increase  until  about  the  time 
the  animal  reaches  sexual  maturity. 

A  large  amount  of  information  has  been 
collected  on  growth  rates  of  pinnipeds.  Laws 
(1959)  provided  a  detailed  review  of  growth 
for  eleven  species  of  phocids,  two  otariids,  and 
one  odobenid.  Subsequently,  additional 
growth  data  have  been  provided  for  various 
pinnipeds  including  harbour  seals  (Bigg,  1969; 
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Boulva,  1973),  ringed  seals  (Smith.  1973).  harp 
seals  (Sergeant,  1973)  and  southern  elephant 
seals  (Bryden,  1969). 

Growth  rates  in  pinnipeds  vary.  In  ge- 
neral, smaller-sized  species  grow  more  slowly 
ill  an  larger  ones  (Laws,  1959),  and  there  also 
appears  to  be  an  invene  rdatumsliip  between 
longevity  and  rate  of  growth,  or  final  size 
(Laws,  1959). 

Body  length  is  a  less  variable  measure  of 
body  size  than  body  weight,  partkularty  in  the 
case  of  pinnipeds  exhibiting  seasonal  (and 
individual)  variations  in  body  weight.  The  re- 
lationship between  body  length  and  weight 
may  again  (see  earlier  section  -  Foetal 
Growih)  he  described  by  the  general  equation 
(Laws,  1959): 

W-ql»   ,   (15) 

The  value  of  q  reported  in  the  literature  for 
postnatal  growth  is  about  0.02  (W  and  I  meas- 
ured in  metric  units)  for  the  northern  fur  seal, 
and  between  0.03  and  0.04  in  the  southern 
elephant  seal  (Laws,  1959).  Laws  (1959)  sug- 
gested that  the  values  for  q  for  the  elephant 
seal  are  probably  consistent  with  those  of  most 
other  phocids.  but  that  for  the  leopard  seal 
Hydrurga  lepionyx,  q  must  have  a  lower  value. 
Sufficient  weight  and  length  data  are  still  not 
available  to  test  this  suggestion  for  many  spe- 
cies. 

For  the  purposes  of  the  present  discus- 
sion, growth  of  individual  animals  is  of  im- 
portance because  it  represents  a  significant 
portion  of  the  production  energy  during  the 
first  few  years  of  life.  To  provide  baseline 
information  for  our  extrapolations  on  individ- 
ual energy  budgets  and  ecological  efficiency 
we  will  restrict  detailed  discussion  to  what  is 
presently  known  about  postnatal  growth  in 
harp  seals.  Brief  reference  toother  spedes  will 
be  made  where  po.ssible. 

The  harp  seal  pup  at  birth  is  approxi- 
mately 0.65-0.90  m  long  and  weighs  (on  the 
basis  of  a  small  sample)  between  7  and  14  kg. 
As  noted  by  Laws  ( 1959).  this  is  large  in  rela- 
tion to  the  size  of  the  female.  For  example, 


recent  data  obtained  for  4  female  harp  seals 
and  their  pups  indicate  a  mean  ratio  of  pup 
weight  to  maternal  weight  shortly  after  partu- 
rition of  1:8.6.  This  suggests  a  ratio  at  birth  in 
the  order  of  1:10  for  the  harp  seal,  compared 
with  1:6  for  the  harbour  seal  and  1:15  for  the 
southern  elephant  seal  (Laws,  1959).  The 
mean  ratio  of  pup  length  to  maternal  length 
for  our  small  sample  was  1 :9. 

At  birth,  only  a  very  small  proportion  of 
the  body  weight  of  a  harp  seal  pup  is  com- 
prised of  blubber  (Grav.  Blix  and  Pasehe. 
1974).  Ihis  is  also  true  for  many  neonatal 
phocids  (Irving,  1972),  including  the  grey  seal 
(Widdowson,  1950). 

In  most  mammals,  female  milk  yields 
are  probably  insulTicient  to  allow  maximum 

f rowth  of  the  young  (Blaxter,  1961;  Jenness, 
974).  and  it  is  therefore  thus  a.ssumcd  that 
growth  of  the  young  animal  tends  towards  an 
optimum  rather  than  the  maximum.  However, 
the  pattern  of  growth  in  pinnipeds  appears  to 
be  different  from  that  of  terrestrial  mammals, 
where  generally  the  sequence  of  development 
is  from  nervous  tissue  to  bone,  muscle  and  fat 
(Abrams,  1968;  Biyden,  1969).  In  pinnipeds, 
initial  postnatal  development  involves  the  de- 
position of  fat  into  a  subcutaneous  laver  of 
blubber,  which  provides  the  bulk  of  the  initial 
weight  gain  during  the  nursing  period  (Bry- 
den. 1968).  Recent  unpublished  data  collected 
for  harps  seals,  demonstrates  that  this  fat  de- 
position may  account  for  early  "growth".  To- 
wards the  end  of  the  nursing  period,  when 
sculp  weight  (weight  of  skin,  with  hair  and 
blubber  attached)  reaches  about  50  %  of  body 
weight,  there  is  no  farther  increase  in  the  pro- 
portion of  body  fat.  Subsequent  growth  in- 
volves increases  in  organ  si/e,  muscle  bio- 
mass,  and  body  size  (length)  in  general. 

Weight  gains  of  young  pinnipeds  are 
well  documented.  Pups  of  M.  Leonina  ha\  c  an 
average  weight  gain  of  about  6  S  kg  da\  ' 
(Laws,  1953).  Similar  values  arc  available  ibr 
L  weddelliOl  kg  day  ')  (Lmdsey,  1937),  and 
H,  grypus  (1.4  kg  day  ')  (Amoroso  and  Mat- 
thews, 1952).  The  young  harp  seal  may  gain 
about  1.6  kg  day  '  (Tcmplcman,  1966).  Ola-  217 
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riids  and  odobenids  have  much  slower  growih 
rates.  Pups  of  A  rciocephalus  Jursteri  gain  an 
average  of 0.024  kg  day  '  over  a  period  of  240 
days  (Crawley,  1975)  and  a  captive  walrus, 
Odobenus  rosmarus,  was  reported  to  gain  bet- 
ween 0.23  and  0.5  kg  day  '  amounting  to  a 
total  of  I45.S  kg  in  the  first  year  of  life  (Harri- 
son,  1969). 

Growth  curves  have  been  constructed 
lor  various  pinniped  species  (Laws,  1959).  This 
requires  some  measure  of  tfie  age,  e.g.  from 
tooth  sections  (Laws,  1953:  Fisher  and  Mac 
Ken/ie.  1954),  and  of  body  size  (length  or 
weight). 

Data  from  wild  and  captive  harp  seals 

(Ronald,  pers.  comm.)  have  been  used  to 
construct  a  prehminarv  growth  curve  for  harp 
seals  (Fig,  2).  There  is  considerable  variability 
in  these  data,  as  might  be  expected  since 
weight  and  not  length  was  used  to  measure 
body  size  (Laws.  1959;  Asdell,  1965).  It  is 
interesting  to  note  that  there  is  no  significant 
statistical  difference  (p  <  0.05)  between  the 
captive  and  the  w  ild  data.  The  captive  data  are 
thus  useful  in  that  the  amount  of  food  con- 
sumed and  therefore  the  caloric  intake  of  these 
animals  is  known. 

Available  morphomctric  data  on  harp 
seals  are  at  present  incomplete.  Additional 
data  whidi  are  required  include  blubber 
thickness  of  a  seasonal  basis,  body  length  and 
axillarv  girth  as  a  function  of  weight  and  age. 
etc.  I  here  is  also  a  paucity  of  morphomctric 
data  available  for  harp  seals  during  the  sum- 
mer, although  such  information  is  presently 
being  collected.  Further  detailed  morphomc- 
tric samples  are  required  at  other  times  of  the 
year  as  well. 

An  equation  may  be  derived  from  the 
available  data  to  give  a  general  description  of 
the  growth  of  harp  seals  during  the  first  10  to 
15  years  of  life  sudi  that: 

W  -  39.9  +  I5.6X  -  0J52\'   (r  =  0.95)  (16) 

where  W  is  body  weight  [kg]  and  x  is  age  in 

years  This  equation  must  be  considered  ver\' 
preliminary  since  it  is  based  on  both  captive 


and  wild  data.  Further  wild  data,  including 
length/weight  data  collected  throughout  the 
year  will  provide  a  better  basis  for  describing 

the  harp  seal  growth  curve,  but  until  such  data 
are  forthcoming,  our  calculations  will  include 
the  above  estimates  of  harp  seal  growth. 


ESF.RCiV  Ri;Ul  IKl.MI  N  IS 
OF  INDIVIDUAL  ANIMALS 

Since  the  energy  requirements  of  an 
individual  animal  depend  primarily  upon  its 
basal  metabolic  requirements,  its  activity,  and 
its  production  in  the  form  of  growth,  milk 
production,  etc..  the  preceding  sections  may 
therefore  be  summarized  bv  constructing  a 
very  preUminar)  energy  budget  for  a  harp  seal. 

Data  fiom  captive  animals  (Fig.  2)  may 
be  used  to  estimate  food  consumption  for 
harp  seak,  and  from  there  the  daily  energy 
available  to  an  adult  harp  seal  (Table  7).  It 
would  appear  that  between  46.9  and  51.8 
kcaikg  '  dav  '  are  available  as  net  energy. 

When  expressed  as  a  percentage  of 
Gross  Energy  (67.7  to  74.6  -  Table  7),  this 
value  is  seen  to  be  similar  to  the  value  of  7S.2  % 


TaUc  7.  F.stiniuti  of  ru  t  eticrey  available  to  adult  harp  seals 
Paf-ophilus  finu  nlanJicus.  hast  ti  cm  consumption  of 
herring.  Clupea  harengu\,  b>  captive 
aged  older  tlun  6  ymus  (Fig.  2) 


Stage  of 
Utilizalion ' 


Partilioning  of  daily  fnod  inuke 
kcai  day  ~i      kcal  kg~'  day' 


GE 

lot) 

7.'i22 

(^9^ 

DE 

90  -91 

6590  -6663 

62.4-63.1 

FE 

9  -10 

659  -  732 

6.2-  6.9 

ME 

82.7-84.7 

6055.5-6202 

57.^-58.7 

UE 

6.3-7.3 

461  -  534 

4.4-  5.1 

HI 

10  -IS^ 

732  -1098 

6.9-lM 

NE 

67.7-74.7 

4957  -54693 

46.9-5 1 J 

'  'nienMaii«rriictemiiiMk(KI6k>)wWlieuad 
'  lnTaMel.fiMeihaemlliCMiqraiumakfiir 

tkin  dala  aic  aviilabk: 

'  .See  Pte.  I  Ibr  m  csoluMliM  of  leniii  mc 

(IM4). 
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determined  for  rats  fed  a  mixed  diet  of  beef 
protein  and  lard  (horbes  and  Swift,  1944). 

Energy  requirements  for  adult  harp  seals 
may  also  be  estimated  (Table  8),  and  most  of 
the  calculations  have  already  been  made. 
Estimates  of  the  enertjetic  cost  of  swimming 
and  pursuit  of  food  arc  pure  speculation. 
These  areas  require  oonnderable  attention  in 
the  near  future,  although  the  former  will  be 
easier  to  measure  directlv  than  the  latter.  Wc 
have  assumed  that  an  adult  harp  seal  may 
spend  SO  %  of  its  time  sleeping  or  resting,  25  % 
swimming,  and  25  swimming  actively  in 
■■pursuit  of  food".  Oxygen  consumption  vahjes 
observed  lor  captive  harp  seals  (0nlsland  and 
Ronald,  1975)  have  been  used  to  provide  an 
estimate  of  the  energetic  costs  of  these  activi- 
ties (Table  8). 

This  approach  to  energy  budgets  is  sim- 
ilar to  that  described  by  Moen  (1973).  Al- 
though our  estimates  for  the  harp  seal  (Table 
9)  are  hypothetical,  the  order  of  magnitude 
appears  to  be  correct  (Parsons,  1977).  Daily 
energy  requiiemente  for  adult  harp  seals  are 
about  twice  the  basal  metabolic  rate  (M), 


TsMt  R.  Knt'rg>  requirements  of  an  adiill  harp  sent.  I'a- 
K<)philu\  ^rocnlandu  us.  has4^  on  a  h.\pu(hc(ical  ac- 
li>it\  rei^ime  (enerc>  riHiuiremcall  of  j 
and  lacuiion  are  also  noted) 


Activi^ 


%  of  day 


Eneri'N  rcquircnient  (NE) 
kcal  kg  '  day  ' 


Basal  Melabolism 

100 

21.8  ■ 

SwimmiiiK 
Pursuit  or  food 

25 

25 

13.! « 

Resting 

50 

Cirowlh 

assumed  to  be  ().() 

Rcprodutlion 

pregnancy 
laciatioii 

I.P 
I99,9H 

ihyMicikd  IMkcseiiicliEnadlnhTaMB?. 
I  md  Romld-t  (I^S)  oliauiH  oTt 
I  hup  mb  were  u%cd  u>  derhre  Ibcw  ( 

"  " "  .  The  cncrgj  oM  oTi 
ntvfcn  comumfHion  duhlf  I  h  cxpciH 
--pui%uil  III  Lmh!'  ciirrcipMdt  10  IM  ■! 
reported  in  Ihcir  paper. 

'  Energetic  cost  of  pregnancy  over  2 1 S  i»f%  of  die  year  (tec  p.  2 1 2),  29  dOO 


kcal <MB)^ adjinwd  to  NE  by  removiiu HI cfimvaleiii         Gt(TMe T). 
'  s  ooH  of  auk  pradMliin.  JM  flOO  kcal 


oris  day*  (tee  page  2I6)l 


which  appears  reasonable  when  compared  to 
the  few  species  of  ungulates  for  which  similar 
data  exist.  This  assumes  that  basal  metabolism 
in  pinnipeds,  like  other  mammals,  is  close  to 
the  theoretical  value  predicted  by  Kleiber's 
( 1973)  equation,  but  there  is  no  general  agree- 
ment on  this  point.  I  hc  validity  of  these  results 
may  therefore  warrant  further  discussion. 

The  daily  energy  requirement  including 
the  energv  cost  of  activiiv  of  the  hictating  harp 
seal  al  about  9  times  M  is  very  high.  It  appears 
to  be  near  the  upper  limit  of  the  energy  requi- 
rement for  the  lactating  Friesian  cow  and  blue 
whale,  both  of  which  mav  exceed  8  times  M 
( l  able  9)  without  uicluding  the  energy  cost  of 
activity.  This  requirement,  however,  lasts  only 
for  the  duration  of  lactation  which  probablv 
does  not  exceed  18  davs  (Templeman,  1966) 
and  may  be  as  short  as  10  to  12  days  (Sivertsen, 
1941).  Lactating  harp  seals  are  no  doubt  in 
negative  energy  balance  and  like  many  lactat- 
ing  pinnipeds  lose  weight:  they  have  been  re- 
ported to  lose  18.1  kg  of  blubber  (a  31  %  re- 
duction in  blubber  weight).  This  evidence 
suggests  that  our  estimates  are  not  unreason- 
able. 

Finally,  it  is  of  interest  to  compare  the 
estimated  energy  available  to  a  harp  seal 
(Table  7)  with  the  energy  requirements  of  the 
same  animal  (Tables  8  and  9)  We  estimated 
that  the  net  energy  (NE)  available  to  the  cap- 
tive harp  seals  was  46.9  lo  S1.8  kcal  kg-*  day-' 
(Table  7).  An  adult  harp  seal  requires,  ac- 
cording to  our  estimates,  a  minimum  of  45 
kcalkg  'day  '(2 1. 84 -♦-9.9 +13. 1  kcal  kg  'day  ', 
Table  8).  There  is,  therefore,  some  evidence 
diat  our  oude  enerjgy  budget  is  a  satisfactoiy 
approximation,  until  actual  estimates  of  many 
of  the  parameters  are  forthcoming.  Supporting 
this  conclusion.  Parson  (1977)  found  tnat  the 
minimum  energy  requirements  for  ringed 
seals  were  between  35  and  55  kcal  kg  '  day 


Population  cttgeticg 

The  preceding  description  of  energy 
flow  throu^  individual  animals  may  also  be  219 
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TaMe  ft  ComiMirison  of  dally  energy  requirements  of  various 
naminab  expressed  in  (cims  of  multiples  of  basal 


Specks 


Daily 

F.ncrgy 
Require- 


Pagophilus  groenkauttcus 
^arp  seal) 

male 
nregnant  remale 
iuctating  female 

Odocmleia  vtr^nUnatt 
(white-tailed  deer) 

Liclaiin^  tcmalc 

Cen  us  canadensis 
(elk  or  wapiti) 
spikebull 

maturehiitl 

AniUnrapni  anKricana 
(proniihiim) 

.iiliih 

Bos  liiiinis 
(Fricsian  cow ) 
I  .Kt.itinii  female 

Mu.s  nuiu  ji/f/v 
(mouse) 

lactaiing  lemalc 

Ahpex  btgopus 

(Arctic  fox) 
lactaling  female 

Sus  scrofa 

lactating  female 

Homo  sapietu 
(man) 
lacUiting  female 

Bahenopu-ra  muvidus 
(blue  whale) 
lactaling  female 

Fhyaeter  eatodoit 
(sperm  whale) 
lactaling  female 

1976 


2.0S 
106 
9.15 


1.23-1.98 
13 


1.44-1.82 
1.74 


I.40-1.4S 

4-9' 


51 
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used  to  calculate  the  rate  of  energy  flow  in  a 
population.  Energy  flow,  or  the  rale  of  assim- 
ilation in  a  population,  provides  the  most  reli- 
able basis  for  evaluating  the  observed  fluctua- 


tions in  population  dcnsitv,  and  for  determin- 
ing the  role  of  a  population  within  its  com- 
munity (Odum,  1971). 

At  present,  population  assessments  of 
pinnipeds  are  usually  based  on  estimates  of 
numbers  which  are  obtained  in  a  variety  of 
ways,  including  difTerent  census  techniques 
(e.g.  Lavigne  and  Ronald,  1975),  mark-re- 
capture experiments  (Sergeant,  1975),  etc.  Oc- 
casionally, more  detailed  studies  of  the  dyna- 
mics of  specific  |rinnipcd  {x>pulations  have 
been  earned  out  These  analyses  incorporate 
information  on  the  age  structure  of  the  popu- 
lation usually  into  some  form  of  hfe  table 
model,  with  estimates  of  birth  rate,  death  rate, 
the  sex  ratio,  age  at  maturity,  etc.  For  example, 
such  analyses  exist  for  the  harp  seal  (Allen, 
1975),  harbour  seaUBigg,  1969;  Boulva,  1973). 
ringed  seal  (Smith,  1973).  grey  seal  (Hewer, 
1964),  Weddell  seal  (Stirling.  1971).  southern 
elephant  seal  (Laws.  I960),  and  northern  fur 
seal  (Chapman,  1961).  From  an  ecological 
pc»nt  of  view,  however,  numbers  alone  tend  to 
underestimate  the  importance  of  animals 
such  as  pinnipeds  within  an  ecosystem  (Odum, 
1971). 

Attempts  to  estimate  population  bio- 
mass  have  rarely  been  made  for  pinnipeds 
(Laws,  1960:  Boulva.  1973:  Sergeant.  1973). 
This  can  easily  be  accomplished  if  estimates  of 
the  age  distribution,  age-specific  growth  rates, 
and  population  size  are  available.  Population 
biomass  is  more  commonly  estimated  by  mul- 
tiplying an  average  body  weight  for  an  animal 
within  the  population  by  the  total  number  of 
animals  in  the  population  (Sergeant.  1973). 
Such  estimates  must  at  best  be  considered  very 
approximate.  Density-dependent  changes  in 
growth  rates  (SchefTer,  I95S;  Laws,  1973)  are 
known  in  certain  pinnipeds,  with  the  sugges- 
tion that  concomitant  changes  in  reproductive 
rales  may  also  take  place  (Sergeant,  1966. 
1973a).  Such  changes  may  occur  **naturally" 
or  as  a  result  of  human  exploitation  of  the 
population  resulting  in  a  reduction  in  popula- 
tion density  (Sergeant.  1966.  1973a;  Laws, 
1973).  These  changes  are  probably  related  to 
the  availability  of  food  (Sergeant,  1966, 1973a; 
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Laws,  1973).  In  high  density  populations  gre- 
garious and  hierarchical  social  behaviour  ex- 
hibited by  many  pinnipeds  (McLaren, 
1958)  may  also  mediate  density-dependent 
changes  which  result  in  reduced  recruitment. 
In  any  case,  estimates  of  population  biomass  at 
any  one  time  may  be  niffileadin^  if  i»ed  to 
measure  the  importance  of  a  species  within  a 
particular  svstem.  In  contrast  to  numerical 
estimates  such  biomass  estimates  tend  to 
overestimate  the  importance  of  large  organ- 
isms within  a  system  (Odum,  1971). 

The  most  realistic  approach  to  studying 
populations  wiihm  ecosystems  is  thus  to 
integrate  numerical  data  and  biomass  estima- 
tes, taking  into  account  respiration,  which  ac- 
counts for  much  of  the  energy  flow  in  most 
situations  (Odum,  1971).  Only  two  attempts 
h  a  ve  been  made,  to  our  knowledge,  to  descnbe 
energy  flow  within  a  pinniped  population 
(Boulva,  1973;  Parsons.  1977).  BouKa's  ana- 
l\sis.  based  on  a  hypothetical  harbour  seal 
population;  indicated  that  of  the  gross  energy 
(GE)  consumed,  about  15  was  lost  as  **re- 
jecta"  (faeces  and  urine),  79  T  was  lost  as 
"respiration  "  (heat  losses  including  basal  me- 
tabolism, and  the  various  heat  mcrements, 
etc.)  while  6  was  realized  as  production 
(including  growth,  reproduction,  and  animals 
removed  from  the  population  by  harvesting, 
and  natural  mortality). 

Calculations  made  in  this  paper  produce 
rather  similar  population  estimates  of  energy 
How  in  a  harp  seal  population.  Briefly,  of  the 
gross  energy  consumed  by  western  Atlantic 
harp  seals,  it  would  appear  on  the  average 
that  17  T  is  lost  as  "rejecta".  80  9f  is  lost  as 
"respiration",  while  production  represents 
about  3  %  of  gross  energy.  These  findmg$  are 
discussed  in  more  detail  under  ecological 
efficiency. 

In  summary,  while  little  has  been  done 
to  date  to  estimate  the  rates  of  energy  flow 
through  pinniped  populations,  it  is  important 
to  stress  that  this  approach  will  provide  a  more 
realistic  basis  on  which  to  manage  pinniped 
stocks  in  the  future.  The  limitations  of  using 
only  numerical  or  biomass  data  to  assess  pin- 


niped populations,  especially  those  currently 
exploited  by  man,  must  be  recognized. 


Community  aiergetics 

The  ultimate  aim  of  this  paper  was  to 

discuss  pinniped  bioenergetics  in  relation  to 
ecosystem  management.  It  has  been  suggested 
that  the  systems  approach  will  eventually  pro- 
vide the  best  information  for  managing  pin- 
niped populations.  This  is  particularly  true  in 
those  instances  where  pinnipeds  represent 
only  one  component  in  a  muliispecies  fishery, 
or  when  exploitation  of  previously  unhunted 
populations  is  contemplated. 

The  intt)rniation  required  for  such  an 
approach  mcludes  a  knowledge  of  the  flow  of 
enei^  and  material  through  the  ecosystem 
and  some  quantitative  description  of  the  spe- 
cific pathways  mvolved.  This  requires  a  de- 
tailed knowledge  of  trophic  or  feeding  rela- 
tionships, and  other  interactions  between  the 
various  components  within  the  svstem.  Individ- 
ual species  are  no  longer  the  important  con- 
sideration at  this  level  of  discussion  (Kerr, 
1974). 


Trophic  relationships 

In  general,  pinnipeds  occupy  a  relatively 
high  position  in  marine  trophic  webs.  Many 
species  are,  however,  eurylrophic,  feeding  on  a 
variety  of  invertebrate  and  vertebrate  prey 
species  which  themselves  occupy  a  varied  of 
trophic  levels. 

A  trophic  web  for  a  particular  pinniped 
ma^  be  constructed  from  a  detailed  knowledge 
of  Its  prey  species.  For  most  species  the  com- 
ponents of  the  trophic  web  may  change  with 
age,  and  with  season,  and  such  variations  in 
feeding  habits  are  important  to  note. 

A  simplified  trophic  web  for  the  harp 
seal  in  the  western  Atlantic  is  shown  in  Fig.  5.  221 
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Unfortunatelv.  quantitative  data  on  the  rates 
ol  energy  transfer  within  this  trophic  web  are 
not  available  at  the  present  time.  Nevertheless, 
the  complexity  of  possible  trophic  interactions 
emphasizes  the  naiv  ety  of  managing  exploited 
pinniped  populations  on  the  basis  of  sin^e 
species  population  models.  Of  the  specMS 
shown  in  Fig.  5,  man  exploits  not  only  harp 
seals,  but  also  flatfish,  Atlantic  cod,  silver 
hake,  cephalopod  molluscs,  sand  lances  (Am- 
modytes)  and  pelagic  decapods  (e.g.  Pandalus 
sp.)  (Sergeant,  1973,  1976a),  capelin,  redfish, 
and  herring  (Templeman,  1966;  Pinhom. 
1976).  It  is  self-evident  that  changes  in  one 
trophic  level  will  have  effects  on  other  levels 
within  the  system.  This  is  an  especially  impor- 
tant consideration  at  the  present  time  when 
there  is  some  controversy  about  the  status  of 


western  Atlantic  harp  seal  stocks  and  their 
future  management  (Benjaminscn  and  Lett, 
1976:  Capstick,  Lavigne  and  Ronald,  1976; 
Mercer,  1977;  lUCN,  1977;  Uvigne,  1976. 
1977).  In  addition,  stocks  of  herring,  flatfish, 
cod,  and  redfish  arc  also  over-exploited  and 
depleted  in  the  western  Atlantic  (Pinhom, 
1976;  Winters,  1975).  Furthermore,  it  is  not 
unreasonable  to  predict  that  increased  har- 
vests of  capelin  may  be  anticipated  m  the  next 
few  years,  while  fin  whales  Balaenoptera  phy- 
solus  and  minke  whales  Balaenoptera  acuto- 
which  both  feed  on  capelin.  have  not 
been  himted  by  Canadian  whalers  in  the 
western  Atlantic  since  1972  (Pinhorn,  1976). 

This  is  then  an  eicample  of  an  exploited 
pinniped  population  representing  onlv  one 
component  of  a  multi-species  llshery.  Signifi- 
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>  ici .  3.  A  simplified  trophic  web  ior  ihc  harp  seal  tagophitui  groenlanduus.  r his  diagram  summarizes  the  trophic  relationships  of 
harp  seals  on  an  annual  bam  without  leganl  for  ckmgw  tn  food  habili  iModated  with  difTerences  in  season  or  ugc  of  seals,  oor  does 
it  difTerentiale  between  imporunt  prey  species  and  Ibose  wbidi  are  oonsmned  oocasaonally.  The  trophic  relationshipji  become  more 
complicated  and  of  signifuance  to  management  when  it  is  noted  that  many  of  the  fob  species  consumed  by  harp  scab  are  also 
commercially  exploited  by  man,  as  is  the  harp  seal  itself.  In  addition,  whale  species,  formerly  exploited  in  the  western  Atlantic,  arc 
also  involved  in  this  trophic  web,  as  both  Tm  whales  Balaenopiem  fhjaaha  and  minke  whales  Balaenoptem  aeutoroslmte  compete 
with  seals  and  man  for  capelin  Maltoau  vUiosus.  (OMnpiled  nom  vanous  sounes.) 
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cant  trophic  interactions  between  the  exploit- 
ed populations  (Fig.  5)  no  doubt  occur,  but 
these  are  complex  and  poorly  understood. 

All  of  these  exploited  species  are  being 
"managed"at  the  present  time.  However,  from 
an  ecosystem  point  of  view,  there  are  problems 
in  determining  the  appropriate  levels  of  catch 
for  each  species  simultaneously.  Convention- 
ally, calculations  of  maximum  suslamable 
yield  (MSY),  in  terms  of  numbers  or  biomass, 
have  provided  a  basis  for  managing  individual 
populations  (Christy.  1973).  However,  when 
ecologically  interrelated  species  are  being 
harvested,  yield  from  each  species  cannot  be 
maximized  simultaneously.  To  take  a  maxi- 
mum yield  from  one  population  will  result  in 
less  than  maximum  yield  of  the  other,  either 
through  over-  or  under-utilization  (Christy, 
1 973 ).  The  above  comments  stress  the  need  for 
additional  quantitative  information  on  preda- 
tor-prey interactions  (GuUand,  1970),  intra- 
and  inter-specific  competition,  and  ultimately 
on  cncri:\  flow  through  the  trophic  web.  They 
also  emphasi/e  the  problems  of  basing  man- 
agement decisions  solely  on  results  of  numeri- 
cal, single  species  models. 

It  is  therefore  not  vet  possible  to  provide 
an  adequate,  quantitative  description  of  the 
flow  of  energy  througli  the  trophic  web  gi\  en 
in  Fig.  5.  We  can  however  make  some  prelim- 
inarv  estimates  of  energy  flow  through  the 
harp  seal  component  as  noted  under  "Popula- 
tion Energetics".  Some  estimates  of  ecological 
efficiency  for  tfiis  species  are  provided  below. 

Ecological  efficiency 

Although  many  ilifTerent  "ecological  ef- 
ficiencies" have  been  reported  in  the  htera- 
ture,  no  commonly  accepted  and  standardized 
definition  of  the  term  exists.  The  concept  is 
virtuallv  meaningless,  unless  a  complex  array 
of  ambiguous  and  cont  using  terms  is  clarified. 
To  reduce  the  oonftosion,  we  have  adopted 
Kozlovsky's  (1968)  scheme  and  refer  the 
reader  to  his  thorough  discussion  of  this  sub- 
ject. 


An  ecological  efficiency  may  be  defined 
as  a  ratio  of  any  of  the  various  parameters  of 
energy  flow  in  or  between  trophic  levels  of  a 

natural  community,  in  or  between  populations 
of  organisms,  or  in  or  between  individual  or- 
ganisms (Odum,  1971).  The  primary  concern 
in  this  paper  is  the  impact  of  pinniped  popu- 
lations  on  other  components  within  the  ecosy- 
stem, especially  where  man  and  pinnipeds 
compete  for  the  same  food  resources.  For  this 
reason  we  will  limit  discussion  to  Kozlovsky's 
(1968)  ecological  efficiency  denoted  as  F.F.  5-0. 
This  particular  ecological  efficiency  has  been 
descnbed  by  a  variety  of  terms  including: 

1.  Ffficiency  of  transfer  to  the  next  level 
in  terms  of  ingested  energy  (Patten, 
1959). 

2.  Ecological  efficiencN  fSlobodkin, 
1960. 1962;  MacFayden,  1963). 

3.  Gross  efficiencv  of  yield  to  ingestion 
(Wiegert.  1964). 

4.  Ecological  growth  ef!ficien<7  (Odum, 
1971). 

5.  Gross  production  efficiency  (Rick- 
lefs,  1973). 

Regardless  of  the  name.  EE  5-0  may  be  defin- 
ed as  follows  (Kozlovsky.  1968): 

 ^     Enersv  passed  to  trophic  level  n  +  1 

EE  5-0  «  ■  ~  

Ingestion  at  trophic  level  n 


In  cither  words.  EE  5-0  is  the  ratio  of  energv 
available  to  trophic  level  n  +  1  to  the  energy 
ingested  or  removed  from  trophic  level  n  -  1 
by  trophic  level  n,  or  simply  a  measure  of  the 
efficiency  with  which  materials  and  energv  are 
transferred  between  levels  (Turner,  1970). 

Table  10  summarizes  a  number  of  EE 
5-0  values  (expressed  as  a  percentage)  for  ani- 
mals from  several  tropliic  levels.  Values  for 
pinnipeds  at  least  must  be  qualified  since  they  223 
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reallv  refer  to  populations  and  not  to  an  entire 
trophic  level  wiihin  ihe  ecosystem.  In  analy- 
sing the  trends  of  EE  5-0,  Kozlovsky  (1968)  has 
shown  that  ecological  efficiency  "decreases  at 
levels  above  trophic  level  2.  so  that  values 
below  10  %  should  not  be  considered  anoma- 
lous**. In  fact.  Turner  (1970)  argued  that  **on 
the  basis  of  available  data,  the  ecological  effi- 
ciency of  populations  of  homeothcrmic  ani- 
mals cannot  exceed  2-3  %"  while  Steele  (1974) 
suggested  that  ecological  efTiciencies  for 
mammals  range  between  2  to  5  T  . 

Some  of  the  confusion  about  ecological 
eflkicncy  Et  5-0  arises  because  of  the  so-call- 
ed **ten  per  cent  law"  (Sutton  and  Harmon, 
1973).  Slobodkin  (1961)  pointed  out  that  the 
ratio  of  food  assimilated  at  n  I  to  that  as- 
similated at  n  "will  tend  to  converge  on  some 
relatively  narrow  range  of  values  around 


10 


C7- 


The  relativelv  constant  values  of  Lin- 


demann's  (1942)  etriciency  (or  progressive  ef- 
ficiency, as  this  ratio  is  commonly  known) 
have  been  confused  by  some  with  those  of 
EE  5-0.  but  as  Tabic  10  shows,  few  if  any  ani- 
mals approach  a  value  of  10  %  for  EE  5-0. 

Misuse  and  misinterpretation  of  Slo- 
bodkin's  CI  960)  definition  of  ecological  effi- 
ciency has  further  compounded  the  confusion 
in  the  literature  (Sergeant,  1973).  This  was: 


ecological  efficiency  = 


Yield  at  n 
Ingestion  at  n 


which  pertains  only  to  a  steady  state  popula- 
tion where  yield  for  any  given  time  period  is 
the  same  as  production  for  that  time  period. 

Very  few  real  estimates  of  EE  S-0  have 
been  made  for  whole  populations  because  of 
the  information  required  i.e..  population 
Structure,  whether  the  population  is  stable, 
increasing  or  decreasing  (Turner,  1970), 
growth,  ingestion  and  productivity,  prey  spe- 
cies, seasonal  variation  in  the  tvpc  and  quan- 
tity of  prey  taken,  and  variations  in  ilicir  caloric 
content.  Data  of  this  sort  for  any  single  pin- 
niped species  are  not  readily  available.  Howe- 
224    ver,  using  approximations  from  other  mam- 


mals where  necessarv.  we  have  incorporated 
information  on  population  structure  (Allen. 
1975;  Benjaminsen  and  Lett,  1976;  Capstick, 
Lavigne  and  Ronald.  1976)  age  specific  growth 
and  food  consumption  (Fig.  2).  the  caloric 
content  of  food  (l  able  3),  and  ol  seals  (Siirlmg 
and  McEwan,  1975),  energy  required  for  ge- 
station and  lactation,  and  estimates  of  mortal- 
ity from  huntmg  and  natural  causes  to  provide 
a  rough  estimate  of  EE  5-0  for  harp  seals 
(Table  10). 

The  mean  estimate  of  EE  5-0  for  harp 
.seals  in  the  western  Atlantic  was  3.9  %  (range 
1.92-4.94)  for  7  calculations  made  on  different 
age  distributions  generated  by  two  harp  seal 
population  models  (Benjaminsen  and  Lett. 
1976;  Capstick,  Lavigne  and  Ronald.  1976). 
One  such  calculation  is  shown  in  1  able  1 1. 

Sergeant  (1973)  has  provided  Ihe  only 
other  estimate  of  ecological  efficiencv  for  the 
harp  seal  (0.5  %).  Admittedly  (Sergeant.  1973), 
this  was  only  a  first  approximation  and  even 
less  specific  values  for  growth  and  ingestion 
were  used  than  in  this  paper.  He  also  consid- 
ered pup  production  as  his  only  factor  of 
yield,  which  is  not  a  true  estimate.  Yield  is  the 
energy  transferred  to  the  next  trophic  level  via 
natural  mortality  (e.g.  predation.  decomposi- 
tion) and  in  the  case  of  exploited  species,  via 
hunting  mortality  as  well.  Sergeant  also  used 
biomass  estimates,  which  tend  to  over-estimate 
the  impact  of  large  organisms  on  the  ecosys- 
tem (Odum,  1971),  rather  than  the  rale  of 
energy  transfer.  To  demonstrate  this,  Puwns 
(1977)  repeated  Sergeant's  (1973)  calculations 
using  energv  values  rather  than  biomass  and 
this  increased  the  estimate  of  ecological  effi- 
ciency to  1.76  56. 

Our  value  of  about  3.9  %  for  EE  5-0  is  in 
line  with  expected  results  for  homeothcrms 
(Turner,  1970)  and  mammals  (Steele,  1974) 
and  does  not  support  Sergeant's  (1973)  gene- 
ralization that  "Harp  seals  (as  perhaps  other 
sea  mammals)  are  therefore  inefficient  con- 
verters of  fish  flesh." 

Only  two  other  estimates  of  ecological 
efficiency  for  pinnipeds  are  presentlv  avail- 
able. Bouiva  (1973)  estimated  6  %  for  harbour 
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It. 


•r  EE  54»  (%)  far 


Species 


Ingestion 


Product  ion 


Production 
Ingestion 


X  100 


Reference 


LUtorina  inornaia 
maiine  gastropod 

gra<ishoppers 
(3  species) 

Alhurnus  olbumus 

Huliliis  rultius 

roach 
Marsh  wren 
Syivilagus  audubonii 

'  desert  cottontail  rabbit 

Lepus  caWbnucia 
jack  ranMl 

meadtm  voW 

Dipodvm  vs  merriami 
kangarcHi  rui 

Adenoia  kob  ihomaa 
Uganda  kob 

Odocoilcus  viri:inuimiS 
white-tailed  deer 

LoxodoHie  ^ieamo 
African  elephant 

Bos  umrus 
domestic  cow 

Mustela  rixosa 
least  weasel 

Phoea  Tntultmt 

harbour  seal 

Pagophilus  groeniandUus 
narp  seal 

Pmophilux  ^ntenhm^cm 
Mq)  seal 

Phoea  hispida 
rinL'i'J  mm! 

Phyn'ier  cuiudon 
spenn  whale 


71 


123  kcal/mVyr 
IM 


4.6 

25 
72 
74.1 
52.6 
71.6 
I4J 
St2 


4U.6  kcal/mVyr 

6.29 

Odum  &  Sniailcy.  IV^'^' 

4.0 

a 

S.63 

6.6 

5.5 

Odum.  Connel  ft 
Davenport.  1962  ■ 

Mann.  1965 

Mann.  1%5 

0.5  kcal/mVyr 

0.4 

Kale.  I%5' 

0.03 

m 

2.8 

Chew  &  Chew.  1970 

0.12 

» 

2.6 

Chew  ft  Chew.  1970 

0.52 

a 

2.1 

Golley.  1960 

0.05 

a 

0.69 

Chew  &  Chew.  1970 

0.81 

a 

I.I 

Buccbncr  &.  Gollev.  I%7 

0.64 

a 

1.2 

Davis  ft  Golley.  1963 

0.34 

a 

0.47 

rctnaes.  Goiiev  ft 

Brisbin.  1%5' 

0.S6 

a 

6.0 

Petrides.  Golley  ft 
Brisbin.  1965 

.013 

a 

2.2 

Golley.  1960 

69Sxl0)kcal/yr 

5.9* 

Boolva.  1973 

0.525 

Sergeant.  1973 

3.9J 

This  paper 

3.8  > 

Parsons.  1977 

<1-I4J» 

Lockvcr.  1976 

'  ^^  tiled  In  lUcltkfs  (1*73)- 

KjngcN  r<ir  fifM  ye«f  Mtckling  calf  lo  ptiyncaDy  nwture  adute. 
'  Populaiioa  dnicnire  lakm  into  mcmiM. 


seals,  which  may  be  somewhat  high.  A  critical 
value  in  his  analysis  seems  to  be  the  caloric 
content  of  food,  and  when  our  estimate  of  ca- 
loric content  of  food  (harp  and  harbour  seals 
consume  reasonably  similar  food  items),  is 


substituted  in  Boulva's  calculations,  his  esti- 
mate becomes  3.5  %.  Parsons  (1977)  using  a 
congruent  analysis  to  Boulva  (1973)  calculated 
an  ecological  efficiency  for  ringed  seals  of 
3.8  %,  Both  of  these  calculations  incorporated  225 
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Table  II.    Calculation  of  RE  5-0  for  harp  seals.  PagophUus  gmeitkmdicu^.  in  (be  western  Atlantic 


EE  5-0  -  ^!;"!''*!°"  f^r^""   X  100 

where  production  equals: 

Natural  mortality  5648  X  10'"  kcalj  ' 

Himtiiig  mortality  4  057' X 10*  kcaly-' 

9707  X10»  Itcaly-i 

and  ingestioo  eqnab: 

Gross  Energy  of  Foot!'         2612  xlO«  kcaly  i 

9  705  X  10'" 
EE  5-0  -  X  100  «  3.72  %  • 

2612X10" 


'  Seven  diir«t«Mafc«liMnbuiMiiutMfevaeil  in  cakulaiumMif  EE  S-OlbrilM|tieah.TIW«*liRMte( ranged  rrom  1.92-4  44  miih  a  mean  iir.VV  hor  iin  unctploilcJ 
IMfMluiM  and  iiaUe  age  diMnbuUM  iIm  EE  M  wat  3M  %.  Tlu»  laii  vahie  i>  laoM  compinNe  to  die  cHimaiesorBoalva  ( l97))Mid  Par»on*  <  1977)  for  barltour  «eab  and 


The  following  parameters  were  used  in  the  above  calculation: 


Age  n'  caloric  content  inEcslion  rate  average  natural 

dass         (in  thousands)         (kcalgm-*)         (kcal/day- '/animal-*)         weight  {%f  mortality* 


5.215J 

0 

376 

3.15» 

3  m.f>* 

38  399 

0.20 

1 

209 

424 

5  ()54  0 

64  416 

.16 

2 

154 

4.24 

6  596.6 

79  788 

.13 

3 

152 

4.24 

5  617  8 

85  982 

.11 

4 

93 

AM 

6  74!  2 

KM)  492 

.10 

S 

96 

4J4 

7  576.8 

112  358 

.095 

6 

87 

4J4 

7  322.2 

105  620 

.095 

7 

85 

4.24 

7322.2 

105620 

.095 

8 

55 

4.24 

7  322.2 

105620 

.095 

9 

34 

AM 

7  322.2 

105  620 

.095 

10 

32 

A2A 

7322.2 

l()6  620 

.095 

11 

31 

4.24 

7  322.2 

105  620 

.095 

12 

28 

424 

7  322.2 

105  620 

.095 

13 

30 

424 

7  322.2 

105  620 

sm 

14 

25 

AM 

7  322.2 

105  620 

.095 

15 

16 

AM 

7  322.2 

103  620 

.095 

16 

16 

AM 

7322.2 

105620 

.095 

17 

11 

AM 

7  322.2 

105620 

.095 

IS 

15 

AM 

7  322.2 

105  620 

.095 

19 

7 

AM 

7322.2 

105  620 

.095 

20 

6 

AM 

7  322.2 

105  620 

.095 

21 

4 

AM 

7  322.2 

1(15  hlQ 

.10 

22 

5 

AM 

7  322.2 

105  620 

.12 

23 

3 

AM 

7  322.2 

105  620 

.15 

24 

4 

AM 

7  322 J 

105  620 

.19 

25 

4 

AM 

7322.2 

105620 

.24 

'  Age  dislribution       i.iki  n  Ir.im  Bcnjaminsfn  .iml  I  i  ii  i 

'  IJppcf  value  IS  roc  pupt  m  or|usl  after  weaning,  the  kiwcr  for  pups  from  »eanin£  K>  i  yearof.igt'  i  Stirling  and  McE«an. 
*  Values  for  pops  fram  weaaiaa  to  I  year. 

>  All  mcmben  aaumed  w  feed  SOOdajwdurint  year  (Scfieam,  I9T3),  avcfafe  daly  caaMnpiion  ticin^  caicalalad  Itom  dtfa  and  n  IHg.  2. 
'  Hvpoiheiicjl  valun  tmn  CiaMicli.  LavigBC  aad  ttowdd  IWHU. 

'  ingcMion  was  computed  ftom  >lbral  aaiOMit  la  an  tgedu*  *.  Abo  iacluM  wataa  cMtoaie  for  gpoMOMiiy  of  pndadai  a  pap  lo  ibe  «eaaMi|  iia|e  awHipliid 
by  dte  number  in  age  daat  0. 
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a  stable  age  distribution  and  considered  only 
natural  mortality  as  yield. 

Clearly,  more  work  is  required  before 
realistic  ecological  ctTiciencies  for  pinnipeds 
can  be  calculated  and  adequate  assessments  of 
the  impact  of  pinnipeds  on  the  ecosystem  can 
be  made.  AU  values  of  EE  5-0  for  pinnipeds 
available  to  dale  (Boulva.  197."^;  .Sergeant. 
1973;  this  MS;  Parsons,  1977)  must  be  consid- 
ered to  be  veiy  preliminaiy  and  totally  insuf- 
ficient  criteria  on  which  to  base  management 
decisions. 


The  systems  approach  to  numagement 

A  "systems"  approach  has  yet  to  be  rec- 
ognized as  a  feasible  alternative  to  present 
management  practices.  Before  it  can  be  con- 
templated, much  additional  information  on 
pinniped  bioenergctics  will  be  required,  as 
well  as  on  other  areas  which  affect  the  func- 
tioning and  productivity  of  ecosystems.  These 
indvde  the  availability  of  nutrients  with  in  the 
svstem.  meteorological  influences  and  the 
presence  of  man-made  pollutants.  In  systems 
where  various  components  are  haivested  by 
man.  the  economics  of  exploitation  must  also 
be  considered  when  makuig  decisions  about 
future  management  (Christy,  1973), 

Leopold  (1949),  in  his  now  classic  book, 
recognized  the  land  as  a  unit  system,  compris- 
ed of  interdependent  biotic  and  abiotic  com- 
ponents. More  recently,  others  (Wall,  1966; 
Gulland,  1970;  Odum,  1971)  have  emphasized 
the  need  and  value  of  this  approach  to  modem 
ecology. 

The  important  point  is  that  a  system  can 
only  be  studied  by  viewing  it  as  a  whole  (Watt. 
1966  ).  and  cannot  be  grasped  by  studying  only 
its  coniponenls  (Wall,  1966;  May,  1974).  Even 
though  this  has  been  recognized,  few  attempts 
at  large  scale  work  have  been  made.  Patten 
(1972)  summarized  the  work  presently  com- 
pleted on  the  Intemaiionai  Biological  Pro- 
gramme North  American  Grassland  Biome 


Study  while  Botkin  and  Miller  (1974)  discus- 
sed attempts  to  model  the  Brookhaven  Forest 
and  several  authors  (Smith.  1970:  Milner, 
1972:  Vandyne.  1972;  (loodall.  1972)  have 
outlined  the  requirements  and  difficulties  of 
such  an  approach,  but  it  seems  tiiat  there  has 
been  little  action.  While  the  difificulties  of  such 
action  are  clear,  the  consequences  of  present 
day  management  practices  may  be  less  easily 
recognized;  nevertheless,  numerous  examples 
of  inadequate  conservation  of  natural  re- 
sources have  become  obvious  in  recent  vears. 

The  effects  of  introducing  species  into 
novel  environments  are  well  known  and  do- 
cumented. Less  numerous  are  accounts  of  the 
eff  ects  on  the  functioning  of  ecosystems  of  re- 
moving species.  Paine  (1966)  demonsirated 
the  effects  of  removing  a  single  species  from  an 
intertidal  invertebrate  svstem.  In  less  than  two 
years,  a  fifteen  species  community  collapsed  to 
one  of  8  species.  Laws  (pers.  comm.)  has  noted 
the  effects  of  reduced  numbers  of  baleen 
whales  in  the  Southern  Ocean.  Here,  there  is 
evidence  that  removal  of  one  member  of  an 
ecosystem  allows  other  species,  such  as 
crab-eater  seals  {I.ohndon  carcinopha^us).  the 
fur  seal  Anroccphaliis  i^azclla  and  krill-ealing 
penguins,  to  expand  their  populations  into  the 
niche  now  unfilled  by  whales. 

The  variable  effects  of  introducing  or 
removing  species  raise  the  question  of  ecosys- 
tem .stability.  Ihe  relationship  between  di- 
versity and  stabUity  in  ecosystems  has  recently 
been  reviewed  (Goodman.  1975).  It  was  found 
that  there  is  no  simple  relationship  between 
the  two,  but  this  does  not  mean  that  there  is  no 
relaticmship  at  all.  Dunbar  (1973)  raised  the 
possibility  of  the  need  for  large  spaces  and 
large  time  factors  to  produce  stability  in  the 
Arctic  ecosystem.  Another  recent  review 
(Chew,  1974)  suggested  that  although  consum- 
ers mav  not  remove  a  significant  portion 
of  production,  they  may  be  necessary  for  re- 
gulation of  ecosystems. 

Thus,  the  systems  approach  lo  manage- 
ment is  necessary,  but  research  in  this  field 
requires  large  commiimenls  of  manpower  and 
mon^  (Le.  energy).  The  advantages  will,  how-  227 
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ever,  certainlv  outucii^h  the  costs.  By  ap- 
proaching the  management  of  pinniped 
stodcs,  and  indeed,  all  natural  rmewable  re- 
sources in  this  manner.  \vc  will  gain  some  un- 
derstanding of  the  complexity  of  ecological 
interactions  in  natural  systems.  Such  under- 
standing will  undoubtedly  contribute  to  more 
enlightened  utilization  (and  hopcfullv  conser- 
vation) of  natural  resources  in  the  future. 
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MONK  SEALS  ON  THE  SOUTHWEST  COAST  OF  TURKEY 


F.  Berkes 


AtsOmet 

Interviews  with  nshcrmen  on  ihe  southwest  coast  (ifTurkeym  the  spring  and  summer  of 
1976  indic;ilc  that  50-100  Mcdilcrnncnn  monk  *.c;iK  {Momu  hus  moiuu  hus)  arc  prcvcnl  in  this 
area,  and  that  the  population  is  declining  in  size.  Sightings  by  fishermen  were  almost  all  ot 
single  animals  and  included  nine  sightings,  within  the  last  two  years,  of  seals  on  land  near 
caves  perhaps  suitable  as  dens,  and  of  voung  seals  Monk  seals  were  being  seen  less  often  than 
in  the  past  by  fishermen  in  11  of  13  communities  v  isited,  though  this  may  not  necessarily  be 
due  to  a  real  reduction  in  numbers:  location  where  seals  were  present  but  have  not  been  seen 
for  two  years  are  gi\  en.  including:  I  I  pi'ssihle  breeding  sites.  The  scattered  distribution  pattern 
ot  the  present  population  is  inconsistent  with  the  assumption  of  earlier  work  that  monk  seals 
live  in  colonies,  though  a  group  of  as  many  as  5  animals  has  been  reported  ofTCape  Gdidonya 
and  3  colonies  of  more  than  20  animals  each  were  reported  to  have  disappeared  in  the  last  2-40 
y  ears  -  selection  may  now  be  against  the  formation  of  permanent  colonies  and  for  temporary 
residence  of  single  animals,  especially  in  rocky  areas  with  caves.  Fishermen  seem  to  view 
m(^nk  seals  both  as  a  pcsi  ihc\  u<uiki  like  lo  see  disappear  (because  of  the  damage  done  bv 
them  lo  nets)  and  as  an  intelligent  animal  they  admire.  Direct  killing  of  seals  by  fishermen  is 
slight  but  still  significant  -  fishermen  in  only  5  communities  reported  deliberate  or  accidental 
(drowning  u.  iicfsi  deaths  in  the  past  2  \cars;  large  numbers  mav  once  have  been  killed  but  (he 
difTicully  in  finding  and  killing  seals  and  the  belief,  especially  in  the  Aegean  and  among  older 
fishermen,  that  killing  them  brings  had  luck,  in  part  prevent  this  today.  Perhaps  more 
important  is  the  indirect  elTect  on  seals  of  increasing'  fishin-^'  cfTiirt  and  incr-fishing  Pollutiim 
from  .Antalya  and  perhaps  also  oil  of  pelagic  origin  between  Dat^a  and  Bozburun.  may  be 
partly  responsible  for  the  dedine  of  the  monk  seal  populations  in  those  areas. 

Des  entretiens  avec  les  pechcurs  de  la  cote  sud-ouest  de  la  Turquie  qui  ont  eu  Ikh  au 
printemps  et  en  ^t^  1976.  indiquenl  que  30  ^  100  phoques-moincs  de  la  M^iicirani^ 
(Monachus  monachus)  se  trouvent  dans  oette  region  et  que  la  taille  de  la  population  diminue. 
Les  reperages  visuels  fails  par  les  pechcurs  portaieni  presque  lous  sur  des  animaux  Isolds:  pour 
neuf  d'entre  eux,  datani  des  deux  demidres  anntes.  11  s'agissait  de  phoq  ucs  se  trou\  ant  k  terre, 
i  proximity  de  grottes  leur servant  peut-Ctre  de  refuge,  et  de  jeunes  phoques.  Les  pecheurs  de 
onze  des  Ireize oommunautds  visit^es  apen^ivent  les  phoques-moines  moins  sou\ ent  que  par 
le  passd,  encore  que  ced  ne  soh  pas  necessairemeni  dfi  k  une  r^uction  r^elle  des  etTectifs;  les 
endroits  oA  se  trouvaient  des  phoques  mais  ob  Ton  n'en  a  pas  vu  depuis  deux  ans  sont 
indiqu^,  y  compris  onze  sites  possibles  de  reproduction.  L'dparpillement  de  la  distribution  de 
la  population  actuelle  ne  cadre  pas  avec  I'hypoth^  de  travaux  antirieurs  selon  laquelle  les 
phoques-moines  vivent  en  colonies,  bien  qu'un  groupe  de  cinq  anknaux  ait  M  signaU  au  237 
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larjie  dii  cap  Gelidonya  et  Ton  a  rapporic  que  lr<>i'«  ccihmies  comprenant  chacune  plus  de  vingt 
anitnaux  ont  disparu  au  cours  dcs  deux  a  quaranic  dcmiires  ann^cs.  II  est  possible  que 
r^volutkni  soil  mamtenant  oontraire  i  la  formation  de  colonies  pennanentes  et  favorable  i  la 
rtmdencc  temporairc  d'animaux  Isolds.  sptSrialcmcnl  dans  les  nmcs  rdchcuscs  comprenant  dcs 
grottes.  Les  pecheurs  sembleni  considerer  les  phoques-moines  a  la  fois  comme  une  nuisance 
qu'ils  voudratent  voir  dispaniftfe  (en  raison  des  ddgau  qu'ils  provoquent  dans  les  filets)  et 
commc  un  animal  intclliszcnt  qvi'ils  adtnirent.  Le  nombre  de  phoques  lues  directemcnl  par  les 
pecheurs  est  faibie  mais  encore  sigoificatif  -  dans  cinq  communautes  seuleraenl,  les  pe- 
cheurs ont  signaK  des  morts  d^KMrtes  ou  aoridentelles  (noyade  dans  les  filets)  au  cours  des 
ilcux  dL-mieres  annees;  il  est  possible  qu'un  grand  nombre  d'animaux  ait  etc  tiic  autrefois  mais 
lu  diniculte  de  les  rep^rer  et  de  les  tuer  el  Ic  fail  qu'on  croie  -  sp^cialement  cn  mer  Egie  et 
panni  les  vieux  ptehenrs  -  que  leur  abattage  porta  malheur  tvitent  en  pariie  que  oela  se 
poursuive  aujourd*hui.  L'<Jlemcnt  peut-ctrc  Ic  plus  important  est  fcflcl  indirect  sur  les  pho- 
ques d'un  eflbrt  dc  peche  croissant  ct  do  la  surcxploitalion.  La  pollution  d'Anlalya  et  peut-itre 
aussi  le  pitrole  d'origine  pelagique,  entre  Dat^i  et  Bozbunin,  pourraient  £tre  partiellement 
responsablcs  du  d^in  des  populations  de  phoques-moines  daits  ces  rtgkms. 

Extracto 

Algunas  entrevistas  con  pescadnrcs  do  la  costa  ^iudoccidenta!  dc  Turquia  durante  la 
primavera  v  el  verano  de  1976  indicari  que  en  esa  zona  sc  encueniran  cnlrc  50  v  100  Ibcas 
monje  del  Mediterraneo  (Monachus  monachus)  y  que  cl  volumen  de  la  poblacion  va  en 
disminucion  I  os  avistamientos  de  los  pescadores  se  refieren  casi  en  sii  totalidad  a  animales 
!»olo!»  e  incluyen  nucve  avistamientoii,  hechos  en  los  dos  Ciliimos  ahos,  dc  locas  cn  ticrra  cn  la 
proximidad  de  grutas,  que  quizi  utilioen  oomo  madriguens,  y  de  animales  j6venes.  En  1 1  de 
las  13  aimunidades  visitadas.  los  av  istamientos  de  focas  monje  eran  nicnos  frecuentcs  que  en 
ei  pasado,  aunque  la  razon  no  ha  de  buscarse  necesahamenie  en  una  reduccion  real  de  su 
nAmero.  Se  indica  una  serie  de  lugares  donde  estas  focas  estaban  presentes  pero  no  ban  sido 
vistas  durante  dcs  afuis.  incluidas  12  posibles  /onas  de  rcproduccion  I  ;i  dispc-rsinn  <lt.-  la 
poblacion  actualmcntc  cxislcnlc  no  csta  dc  acucrdo  con  las  hipotcsis  hcchas  cn  trabajos 
anteriores  de  que  la  Ibca  monje  vive  en  cokmias.  aunque  hay  notidas  de  un  grupo  de  dnco 
animales  frcnle  al  Cabo  Gelidonya  y  se  ha  scnaladn  que  trcs  colonias  de  mas  de  20  animales 
ban  dcsaparecido  entre  los  iillimos  2  y  40  anos.  Es  posibie  que  hoy  dia  la  seleccion  se  oponga 
a  la  formacidn  de  ookmias  pennanentes  y  favoiezca  la  residenda  tempoial  de  animales  solos, 
espccialmcnte  cn  /imas  nKosas  ctin  grutas.  Ins  pescadores  consideran  a  la  foca  mOttje  OMUO 
una  plaga.  que  quisieran  ver  desaparecer  (por  los  danos  que  causa  a  las  rtdes).  pero  la 
admiran  por  su  inteligenda.  Los  animales  que  los  pescadores  matan  directamente  son  p<xos. 
pero  no  por  cso  dcjan  dc  tcncr  importancia.  Solo  en  cinco  comunidades  los  pescadores 
comunicaron  muertes  deliberadas  o  aocidentales  (por  estrangulamienio  en  las  redes)  durante 
los  dos  '6ltimos  afios.  Es  posible  que  antaflo  se  mataran  en  gran  nAmero,  pero  la  dificuhad  de 
localiz^ir  y  matar  a  cstos  animales.  y  la  creencia,  especialmenle  en  el  l"geo  y  entre  los 
Pescadores  mas  viejos,  de  que  maiarlos  irac  mala  suerte,  rcpresenia  hoy  dia  una  defensa 
pardal  para  esa  espede.  Tal  vez  sea  mis  importante  el  efecio  midtieclo  que  tiene  en  las  focas  d 
aumento  del  esfuerzo  de  pesca  y  la  sobrepesca.  La  containinad6n  procedente  de  Antalya  y 
quiz^  lambi^n  los  yadmientos  submarines  de  peirbleo  que  se  encuenira  entre  Dat^a  y 
Bozburun  pueden  haber  influido  en  la  disminud6n  de  las  pobladones  de  foca  monje  de  esas 
amas. 
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MONK  SEALS  ON  THE  SOUTHWEST  COAST  OF  TURKEY 


The  Mediterranean  monk  seal 
(Monachus  monachus)  has  been  known  to 
occur  along  the  coast  of  Turicey  but  detailed 

surveys  of  this  endangered  species  have  been 
lacking  (Mursaloglu,  1964;  Ronald  and  Hea- 
ley,  1974).  This  report  is  based  on  a  brief  sur- 
vey of  fishing  communities  in  spring/summer 
1976  in  southwestern  Turkey. 

In  most  cases,  between  one-third  and 
one-quarter  of  the  fishermen  in  each  com- 
munity were  interviewed  and  the  interviews 
were  open-ended.  The  information  requested 
included  dates  of  sighting,  numbers  of  seals 
(young  and  adult)  observed  at  each  sighting 
and  whether  they  were  seen  on  kind  or  at  sea; 
the  local  place  names  within  each  area  were 
also  recorded.  Data  were  also  collected  on  (a) 
the  habitat  and  biology  of  the  seals,  (b)  direct 
and  indirect  mortality  caused  by  fishermen, 
fishing  activities  and  other  factors,  and  (c) 
practices  and  patterns  of  marine  resource  use 
m  die  area,  within  villages,  the  results  of 
individual  interviews  were  compared  with  one 
another  and  with  ihe  results  o\'  j^roup 
interviews,  for  consistency.  Since  fishermen  on 
these  coasts  tend  to  use  a  variety  of  fishing 
grounds,  it  was  possible  to  compare  informa- 
tion from  different  villages  about  the  same 
area,  to  verify  seal  distribution.  Information 
for  parts  of  GIHcova  Bay  and  part  of  the  coast 
between  Fethive  and  Ka.^  was  not  as  detailed 
as  for  other  areas  due  to  an  absence  of  fisher- 
men with  recent  first-hand  knowledge. 


The  distribution  maps,  with  the  excep- 
tion of  the  two  poorly  mvestigated  areas  al- 
ready mentioned,  are  verifiable  and  repnxlu- 
ccablc  For  example,  the  head  of  Bodrum  Fi- 
shermen's Cooperative,  an  old  and  expe- 
rienced fisherman,  independently  produced  a 
seal  distribution  map  identical,  point  by  point, 
to  (he  one  deriN  ed  from  interviews  in  the  three 
fishing  communities  in  the  area.  Fishermen, 
especially  on  the  Aegean,  recognize  individual 
seals  in  some  areas  by  location,  colour,  size 
and  habits. 


Distribution 


Distribution  records  for  Monachus  for 

1976  are  indicated  in  Figure  I.  Where  many 
sightings  were  reported  Irom  one  locality,  one 
representative  marie  only  was  entered There 

are  nine  sites  at  which,  within  two  years  of  the 
study,  there  have  been  sijihtines  of  seals  on 
land  near  caves  that  might  be  suitable  as  dens, 
and  also  of  young  seals.  All  records  are  sight- 
ings of  single  animals  with  the  exceptions  of 
Marmaris  Bay  where  two  seals  have  been  seen 
together,  one  large  and  one  small  (May,  1976), 


I  Editor's  note.  The  author  oonsiden  amhiple  sightings 
ftom  one  locality  lu  be  uf  the  same  seal  or  mb. 
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and  Bc!^adalar  oft^  Cape  Gelidonva  where  as 
many  as  five  animals  have  been  seen  together: 
three  small,  one  black  adult  and  one  veiy  large 
white/grey  (mid-May,  1976).  The  latter  report 
was  confirmed  bv  frequent  sightings  of  seals 
near  Cape  Gelidonya  by  not  less  than  Hve 
independent  ftehing  groups  from  February  to 
early  June. 

Figure  2  shows  those  locations  at  which 
seals  used  to  be  seen  but  have  not  been  seen 
within  the  last  two  years.  Eleven  ot  these  sites 
represent  locations  at  which  seals  were  seen  on 
land  near  caves  and  where  young  seals  used  to 
be  present.  Almost  all  of  these  eleven  sites 
occur  near  towns  and  villages. 

The  results  indicate  that  on  tihe  south- 
west coast  of  Turkey  seals  do  occur,  and  un- 
published data  suggest  that  their  occurrence  is 
regular.  As  documented  in  Figure  2,  however, 
a  number  of  possible  reproductive  sites  have 
been  lost  and  seals  have  disappeared  from 
parts  of  their  former  ran^e. 

A  trend  decreasmg  seal  sightings  was 
confirmed  in  all  but  two  of  thirteen  cx)mmu- 
nities.  Informants  reported  seals  to  be  "less 
frequently  seen  now  as  compared  to  a  few 
years  ago".  In  several  communities,  however, 
fishermen  attributed  this  not  to  a.  real  reduc- 
tion in  numbers,  but  to  increasing  human 
interference.  This  hypothesis  is  supported  by 
the  fishermen's  statements  that  they  seldom 
Idll  seals  who  have  no  other  enemy. 

Fishermen  m  only  five'^f  thirteen  oom- 


munities  reported  killing  seals  (dcMberately,  or 
accidentally  by  drowning  in  nets)  in  the  past 
two  years.  In  four  of  these,  only  one  seal  per 
village  was  known  to  have  died  over  the  2-year 
period,  but  Fethiye  reported  several  deaths. 
According  to  informants,  larger  numbers  were 
once  lolled.  It  would  appear,  therefore,  that 
any  reduction  in  seal  numbers  since  the  1950's 
may  not  readily  be  attributed  to  direct  killing 
by  fishemen,  and  that  mortality  due  to  this 
factor  is  rather  low  despite  the  large  amount  of 
damage  allegedly  done  by  the  seals. 


The  hnpact  of  fishermen  on  monadaa 


Fishermen  rank  Monachus  high  among 

"pests"  in  the  study  area,  others  being  the 
dolphin  (especially  in  the  Aegean),  the  spinv 
doglish  (especially  in  the  Mediterranean)  and 
the  marine  turtles.  Fishermen  daim  to  be  able 
to  identify  the  type  of  damage  from  each  of 
these:  seal  damage  looks  ";is  if  nets  were  torn 
by  hand".  While  dolphins  and  dogfish  usually 
leave  angle  holes  or  carry  away  parts  of  the 
net,  seals  '^reduce  nets  into  rags*",  often  leav- 
ing a  characteristic  three-hole  pattern  similar 
to  that  described  by  Greek  fishermen  in 
Ronald  and  Healey  (1974). 

There  are  two  main  reasons  for  relatively 
low  seal  moriahty  at  the  hands  of  Hshermen. 


FkJ.  2.  -  L*x:j  lions 
where  Monachus 
monachus  wu<>  ronnerty 
seen,  txM  has  not  been 
sighted  within  two  yeais 
of  the  piesaM  study. 


MONK  SEALS  ON  THE  SOUTHWEST  COAST  OF  TURKEY 


First.  Monachits  is  difficult  to  find  and  to  kill. 
It  is  a  fast  swimmer,  unpredictable,  intelligent, 
and  ''seems  to  sense  it  whenever  we  take  guns 
along".  Most  fishermen  say  they  would  be 
happv  to  have  seals  disappear  entirelv  from 
their  area,  but  ai  the  ^amc  ume  they  tell  seal 
Stories  (espedally  of  epic  battles  between  seals 
and  octopuses),  chuckle  fondly  at  photographs 
of  Monachus  ("yes,  thai  rascal!"),  and  appear 
to  have  great  respect  for  the  craftiness  and 
abilities  of  what  they  consider  to  be  the  most 
inlcHigcnt  creature  of  the  sea. 

Secondly,  many  fishermen,  especially 
diose  on  the  Aegean,  think  that  killing  seals 
brings  bad  luck.  This  belief  is  strongly  held 
among  the  older,  more  traditional  fishermen 
some  of  whom  genuinely  feel  that  "the  seal  has 
a  right  to  eat,  too**.  But  the  belief  is  losing  its 
hold  among  the  younger,  more  profit-oriented 
fishermen,  especially  those  who  have  a  great 
deal  of  money  invested  in  efficient,  modern 
fishing  gear.  Since  the  l9S0*s,  handmade  nets 
have  been  replaced  by  multifilament  nylon 
nets  and  the  length  of  net  set  by  each  fisher- 
man has  greatly  increased,  perhaps  by  a  factor 
of  five  since  the  1950's. 

Persecution  by  fishermen  may  be  an 
important  cause  for  the  obscr\  cd  .scatter  in  the 
distribution  o(  Monachus.  With  the  exception 
of  Bc^adalar,  the  distribution  pattern  is  incon- 
sistent with  the  assumption  of  much  of  earlier 
work  (Wijngaarden,  1962)  that  Monachus  lives 
in  colonies.  It  may  be  reasonable  to  hypothe- 
size that  there  is  strong  natural  selection 
against  establishing  large  colonies  (over  20 
individuals)  with  a  permanent  location.  Ac- 
cording to  informants,  three  such  colonies, 
each  with  at  least  five  young,  at  Fethiye,  Kal- 
kan  west  of  Ka^.  and  A|va  south  of  Kemer 
were  killed  otT or  dispersed  between  10  and  40 
years  ago.  It  appears  that  there  could  be  strong 
selective  pressure  for  mobility,  temporary  re- 
sidence and  hunting  alone,  especially  in  rockv 
areas  offering  a  choice  of  caves.  In  the  study 
area,  the  coast  is  rocky  afanost  without 
interruption  west  of  F'inikc.  Fast  of  Finike, 
however,  the  only  rockv  stretch  is  between 
Cape  Gelidonya  and  Kemer.  Beijadalar  off 


Cape  Gelidonya  appears,  therefore,  to  be  the 
best  refuge  for  a  population  of  seals  with  a 
range  from  Finike  to  Antalya,  which  is  a  tour- 
ist and  commercial  centre.  This  mav  explain 
the  concentration  observed  at  Be^adalar  and 
nowlicrc  else  in  the  study  area. 

As  is  well  known,  the  biological  produc- 
tion of  the  Mediterranean  and  the  Aegean  is 
unusually  low  and  these  areas  are  very  sus- 
ceptible lo  over-fishing.  Surveys  carried  out 
simultaneously  with  the  seal  study  indicated  a 
sreat  increase  over  the  vears  in  the  number  of 
fishermen  (although  many  are  now  entering 
the  tourist  industry),  increasing  size,  capability 
and  travelling  range  (but  not  numbers)  of 
fishing  vessels,  and  greater  fishing  effort  per 
fishermen.  A  possible  5  to  10-fold  increase  in 
the  total  fishing  effort  since  the  1950*s  without 
any  great  increase  in  the  fish  catch  in  the  study 
area  suggests  over-fishing. 


Conclusion 


The  number  of  distribution  points  sug- 
gests around  50-100  seals.  I  his  is  a  small  pop- 
ulation and  rather  vuUierable  to  extinction 
assuming  that  Afonachus,  a  top  carnivore,  has 
a  low  rcpr(Khicti\ e  rate  and  matures  late 
Furthermore,  there  is  rather  strong  evidence 
that  the  population  is  declining.  Increasing 
human  disturbance  no  doubt  has  a  depressing 
effect  on  seal  populations.  Pollution  from  An- 
talya may  be  partly  responsible  for  the  con- 
tracticm  of  the  range  and  a  reduction  in  the 
canying  capacity  of  the  area  for  Monachus.  A 
second  area  in  which  pollution  mav  be  of  im- 
portance is  the  Dal^a-Bo/.burun  coast  w  hich  is 
heavily  tarred  with  oil  of  pelagic  origin  (there 
is  no  known  local  source  of  oil).  However, 
cause  and  effect  relationships  would  be  ver\' 
dilficult  to  establish  even  if  it  can  be  shown 
that  there  is  more  oil  pollution  here  than  else- 
where. 

If  seal  mortality  due  to  direct  conflict 
with  fishermen  seems  relatively  slight,  it  is  still  241 
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significant.  Perhaps  more  significant,  however, 
may  be  the  indirect  efTect  of  increasing  fish- 
eries exploitation.  The  effect  of  over-fishmg  on 
the  carrying  capaciQrcrf'aiieootystem  for  seals, 
and  its  population  consequences,  should  not 
be  underestimated. 
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THE  MONK  SEAL  {MONACHUS  MONACHUSy 


K.  Ronald  and  PJ.  Healev 


AtttMCt 

The  authors  present  a  revkw  of  the  bMogy,  ecology  and  exploitation  of  the  Mediter- 
ranean monk  seal.  They  briefly  review  the  taxonomy,  morphology,  and  the  distribution  of  the 
Species,  which  is  fur  less  extensive  than  in  earlier  times.  The  world  population  is  about 
SIM^SOO,  made  up  of  small  groups  widely  scattered  around  the  Mediterranean.  Black  Sea  and 
Atlantic  coast  of  Africa.  Population  dynamics  of  the  species  arc  considered:  vvhclpina  is 
believed  to  be  a.svnchronouN,  and  may  lake  place  all  year  round.  Incidciilal  kills  arc  ihouuht 
seriously  to  alTect  the  population.  Populations  arc  thought  to  have  declined  particularly  over 
the  last  10(1  years,  from  a  ptissible  Icycl  of!>  000  animals  in  ihc  1  '^th  ccntur\  Food  of  the  seal  is 
varied,  including  green  algae,  various  fish  and  shellfish,  and  even  grapevines.  Little  is  known 
of  the  ecology  of  the  species,  but  it  may  be  that  the  Mediterranean  is  unfavourable,  and  that  its 
true  habitat  will  become  the  Atlantic.  Studies  on  parasitofauna  are  briedv  reviewed.  The 
limited  populations  have  little  elTecl  on  human  activities  and,  unless  ellective  conservation 
measures  are  adopted  immediately,  extinction  could  result  within  25  years.  Public  display  is  a 
potential  use.  Management  measures  proposed  are  a  thorough  survey  of  habitats,  especially  in 
Algeria,  an  ciTectivc  biological  research  ptogfamme.  education  of  the  public,  and  restriction 
of  knowledge  of  the  tpeaat*  distribution  in  order  to  avdd  pressure  from  tourists. 

Risume 

Lesauteurs  presenteni  un  comple  rendu  dc  la  biologic,  dc  I'ccologie  cl  de  rexploilation 
du  phoque-moine  dc  Mddilcrrance.  Us  traiteni  succinciement  de  la  taxonomie,  de  la  mor- 
phologic et  de  la  distribution  g<^eraphique  de  I'esp^ce.  qui  est  loin  d'fttre  ausst  r^ndue 
qu'autrefois.  I  .i  popul.iiion  inoncli.ile  .iiteini  environ  5(K)  a  SOO  individus,  qui  se  repartisscnt 
en  pclits  groupcs  largcmcnt  disperses  a  iravcrs  la  Mcditcrrancc.  la  mer  Noire  et  sur  ia  cote 
atlantique  de  TAfrique.  La  dynamique  de  la  population  concemant  cette  esptee  est  igalement 
mentionnee.  La  reproduction  est.  croit-on.  asynchrone  el  la  fccondation  peut  se  produire  en 
toute  saison  de  I'annee.  Les  destructions  par  prises  non  inteniionnelles  semblent  printer  un 
s6rieux  danger  pour  respice.  On  pense  que  les  populations  de  ce  phoquc  ont  diminui. 
particulieremeni  au  cours  des  lOOdemieres  annees:  on  estime  qu'au  quin/ieme  sieclerespioe 
comprenail  peul-etre  5  000  individus.  L'alimentation  du  phoque-moine  est  varite:  elle  se 
compose  d'algues  vertes,  de  divers  poissons  et  coquillages  el  mfime  de  raisins.  L'icologie  de 
I'espece  est  encore  mal  omnue.  mais  fl  se  pourrait  que  la  Mediterran(^e  soit  un  milieu 
d^favorabie,  et  que  le  veritable  habitat  de  ces  phoques  se  deplace  vers  I'Atlanlique.  L'ouvrage 
relate  briivement  les  itudes  rdalistes  sur  la  faune  parasttaire.  Les  populations  de  cet  animaL 
peu  nombreuscs.  n'exercent  qu'un  elTet  limite  sur  les  activities  de  I'honinie  et,  a  nioins  qu'une 
protection  elTicace  ne  leur  soil  immc^diatement  accordic,  Pcsp^  pourrait  venir  a  extinction 
dans  moins  de  25  ans.  L*exhibition  publ  ique  pourrait  filre  une  solution.  Les  mesures  de  gesiion  243 
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proposdes  sont  les  suivantes:  une  6tude  approfondie  des  habitats  de  Tespdce,  sp<^cialement  en 
Alg^ric;  un  programme  cfTicace  dc  recherche  biulogique;  r<^ducalion  du  public;  el  la  hmila- 
tion  des  informations  divulgu6es  sur  la  lipartition  g6ognphk|ne  des  esptees.  cela  afin  de  nc 
pas  ^vetller  la  curiosity  des  louristea. 

Exifuelo 

Loa  autores  pre!>cntan  un  examcn  dc  la  biologia,  la  ocologia  y  la  cxplotaci6n  de  ia  I'oca 
fraile  del  Meditenitaeo.  Esludian  brevemente  la  taxonooiia,  la  morfologia  y  la  distribuckyn  de 

l;i  I'spt'i  ii',  ijucesinucho  mcnos  amplia  que  antes  I  i  pohlacion  mundia!  dc  unas  500-800  ftK'as 
se  compune  de  pequefios  gnipos  extcn&amcnic  dihtribuiUus  en  el  Mcdilcrraneo,  el  Mar  Negro 
y  la  Costa  AtlinHca  de  Africa.  Se  examina  la  dintoiica  fie  poblaci6n  de  la  especie:  se  piensa 
que  la  cria  c>i  asincrnna  \  que  puede  tener  lugar  a  \o  lari.'(i  Jc  todii  el  aftn  Se  ercc  que  las 
matanzas  incidcntales  afectan  gravemente  a  la  poblacion.  Sc  cstimu  que  las  poblaciones  de 
esta  especie.  que  qui/i  eran  del  ofden  de  5  000  animales  en  el  siglo  XV.  han  dlsminuido  de 
manera  particular  en  los  ultimos  100  anos.  La  alimentacion  de  esia  foca  es  variada  y  se 
oompone  de  algas  verdes,  divcrsos  pcces  y  moluscos  e  inctuso  de  vides.  La  coologia  de  la 
especie  es  poco  coiiocida«  pero  es  posibie  que  el  Mediteirineo  no  le  sea  favorable,  y  que  el 
Atl&ntico  sea  su  hibitat  mis  apropiada  Se  examinan  hrevcmcnic  los  esiudios  sobit  parasi- 
te fa  una  Las  escasas  poblaciones  tienen  poco  efecto  en  las  actividades  del  hombre  y.  si  no  se 
adoptan  inmedialamcnte  medidas  eficaces  de  oonservaddn,  pueden  extinguirse  cn  un  plazo 
de  25  anos.  La  exliibiciAii  pCiblica  dc  algunos  animales  oonstituye  un  posible  aprovecha- 
miento  Se  proponcn  como  medidas  de  ordenacion  un  estudio  minucioso  de  los  habitats,  en 
especial  cn  Argclia,  un  prograina  cficaz  de  investigaciones  biologicas,  la  educacion  popular  y 
la  limitacito  de  las  infortnadones  sobre  la  distribuci6n  de  la  especie  a  fin  de  no  atraer  a 
turistas. 


K.  Romdd 
PJ.  Htaky 

CoUege  o/Bhhgfcal  Science.  UiOvenUy  efGudpK  Gue^  Ontario  NIG  2  WI,  Canada 


244 


lighted  material 


THE  MONK  SEAL 


Description 


Taxonomy 

The  published  descnpuons  ol  the  Medi- 
terranean monk  seal  vary  greatly.  The  original 
scientific  description  was  made  from  a  speci- 
men stored  in  Strasbourg  by  Hermann  (1779) 
who  named  it  Phoca  monachus.  In  1782.  Buf- 
fon,  unaware  of  Hermann's  work,  described 
the  same  animal  and  in  1785,  Boddaeit,  using 
BufTon's  description,  renamed  the  seal  Phoca 
fl//7/vYV!^T  (Boddaert.  1785).  In  1822.  Flemm- 
ing  was  the  first  to  suggest  the  generic  name 
Monachus.  Other  names  that  have  been  given 
to  this  species  of  seal  are  Phoca  hicolor,  Phoca 
leuco^aster.  Phoca  hcrmanni.  Phoca  crinita, 
Monachus  /neJiierrancus,  Leptonys  monachus, 
LqHoHijmchus  monachus^  Peiagios  monachus 
Pelqgius  sp.,  Pelagus  sp.,  PektgjMS  sp.  and  Ri- 
gom  sp.  (King,  1956). 


MURI'HULOGY 


colour,  smooth  and  oval  in  cross  section 
(Mursaloglu,  1964;  Maxwell,  1967;  Schnapp, 
Hellwing  and  Chizelea,  1962). 

Monk  seals  from  the  Blade  Sea  are  de- 
scribed as  being  grey,  showing  a  brownish  hue 
dorsally.  and  a  vellowish-white  one  ventrally. 
There  is  a  dark  dorsal  strip  which  reaches  a 
maximum  width  of  30  cm  in  the  regbn  of  the 
sternum  and  a  minimum  width  of  18  cm  in  the 
caudal  region  (Schnapp.  Hellwing  and  Chize- 
lea, 1 962),  Their  recorded  lengths  and  weights 
have  shown  considerable  variation  caused  not 
only  by  individual  differences  but  also  by  the 
age  of  the  animal  concerned.  The  tail  is  darker 
than  the  rest  of  the  body,  with  yellowish  edges, 
and  on  the  ventral  part  in  the  anal  region  ^ere 
is  a  small  area  of  dark  brown  fur.  The  front 
limbs  of  these  Black  Sea  seals  are  darkish 
brown  on  the  mside  and  light  brown  on  the 
outer  surfaces  (Schnapp,  Hellwing  and  Chize- 
lea, 1962). 

The  dental  formula  of  M.  monachus  is 
(2/2),  c  (1/1),  m(5/5)  in  the  adult  (Allen, 
188*^  while  the  milk  dentition  is  (2/2)  (1/1) 
(3/3)  (King.  19S6). 


Mmik  seal  pups,  at  birth,  are  approxi- 
mately 1  m  in  length  and  weigh  20  kg.  Their 
coats  varv  in  colour  from  dark  brown  to  black. 
The  soft,  woolly  hair,  1.0-1.5  cm  in  length,  does 
not  lie  dose  to  the  animal's  body  (Gavard, 
1927;  King,  1964:  Mursaloglu.  1964). 

Adult  females  resemble  the  pups  more 
than  the  males  in  colouring,  their  fur  being 
daik  brown  with  yellow  tips  and  with  no  light 
ventral  patch  (lUCN,  1966).  The  mature  fe- 
males weigh  from  62.5  to  302  kg  and  measure 
approximately  2.8  m  in  length  (King,  1956), 
futhough  there  is  one  reference  to  an  animal 
3.8  m  long  (Schnapp,  Hellwing  and  Chizelea, 
1962).  The  adult  male  varies  in  colour  from 
dark  brown  to  black  with  slight  yellowish  pat- 
dies  along  the  centre  of  the  ba^  and  belly. 
The  bristly  hair  of  adult  seals  is  0.5  cm  in 
length  and  lies  close  to  the  animal's  body 
(Mursaloglu,  1964;  Maxwell,  1967).  The  ani- 
|mal*s  vibrissae  are  light  yellow  to  blown  in 


Distribution 

Today  the  Mediterranean  monk  seal  has 
a  far  less  extensive  distribution  than  in  earlier 
times.  The  world  population  of  about  500-800 
(Ronald  and  Healey,  1974;  IIJCN.  1972;  Ro- 
nald, 1973)  is  made  up  of  small  groups  widely 
scattered  around  die  Mediterranean,  Blade 
Sea  and  Atlantic  coast  of  Africa.  As  there  have 
been  no  positive  recent  sightings  it  is  probable 
that  the  monk  seal  has  disappeared  altogether 
firom  the  coasts  of  Portugal,  France  (LeGrand, 
1977  in  a  personal  communication,  suggests 
that  the  monk  seal  still  exists  on  Isle  Levant) 
and  Spain  (Boulva,  unpubl.).  A  captive  female 
in  Lisbon  (Ronald  and  Heal^,  1974)  has  re- 
cently died.  Reports  indicate  the  existence  of 
monk  seals  in  the  Madeiras  and  the  Desertas 
Islands  (Boulva,  unpubl.;  M0hl,  pers.  comm.; 
Vasoonoelos,  pers.  comm.).  Omer  Atlantic  245 
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ridge  islands,  where  sightings  have  been  made 
recenil)^  are  the  Canary  Islands,  islands  of 
Selvagens,  Lanzarote,  Fuerteventura,  de 
Lobos,  Santa  Maria,  Cape  Verde  and  Floies 
(Ronald  and  Healey,  1974). 

The  southern  limit  of  the  monk  seal 
along  the  West  African  coast  is  2(r49'30''N 
(Monod,  1923)  approximately  the  latitude 
of  Cap  Blanc,  Spanish  Sahara  -  and  its  limit 
of  distribution  is  influenced  by  the  teniperat- 
ure  of  the  sea  and  corresponds  to  a  20  °C  win- 
ter  isotherm  (Budker,  1945)  There  are  few 
sightings  of  seals  as  far  north  as  Morocco  on 
the  Atkntic  coast  (Boulva,  unpubl  ),  the  po- 
pulation being  concentrated  near  the  Spanish 
Sahara,  particularly  in  the  Cap  Blanc  region 
(Duguy,  pers.  comm.).  Two  monk  seals  are 
being  neld  in  captivity  at  Zoo  de  Cansado, 
Nouadhibou,  Mauritania  (Niood,  pers. 
comm.)- 

Along  the  Mediterranean  coast,  monk 
seals  are  still  seen  in  MorcKxo,  particularly 

between  Al  Hoceima  and  the  Algerian  border, 
and  also  on  the  Chafarinos  Islands,  4  km  north 
of  the  Moroccan  mamland  (Boulva,  unpubl.; 
Ronald  and  Healey,  1974).  These  seals  are 

scattered  all  along  the  coast  of  Algeria  and  are 
thought  to  be  quite  numerous  here  (Boulva, 
unpubl.;  Ronald  and  Healey,  1974).  I  he  only 
monk  seals  found  near  Tunisia  are  the  few 
which  exist  on  the  island  of  La  Galite  off  the 
northern  coast,  at  Cap  Bon  and  on  the  islands 
of  Zembra  and  Zembretta  in  the  Gulf  of  Tunis 
(Boulva,  unpubl.;  Lachaux,  pers.  comm.; 
Massa.  1972:  King,  1956).  Seals  are  scattered 
along  the  coast  of  Libya  with  one  confirmed 
colony  in  the  Gulf  of  Bomba  near  Tolmeitha 
(Norris,  1972).  It  is  almost  certain  that  monk 
seals  do  not  now  occur  along  the  coasts  of  the 
United  Arab  Republic,  Egypt,  Suez  or  Israel 
(Ronald  and  Healey.  1974),  although  a  dozen 
or  so  still  live  in  coastal  Lebanon  (Le  Cavalier, 
pers.  comm.).  Monk  seals  can  be  found  scat- 
tered along  most  of  the  southern  coast  of  fur- 
key  with  occasional  rare  sightings  along  the 
Aegean  coast  and  in  the  Sea  of  Marmara  (Ro- 
nald and  Healey,  1974).  The  most  recent  re- 
ports (May,  1977)  concerning  the  status  of  the 


monk  seal  in  the  Black  Sea  indicate  colonies 
near  Butter  Cape  and  Cape  Kaliakra  on  the 
Bulgarian  coast,  where  it  n  estimated  that  se- 
veral pairs  ofanimais  are  living  under  the  strict 
protection  of  law .  A  very  small  colon  v  of  2  or  3 
animals  mhabits  Cape  Maslen  Nos  and  there 
may  be  a  southern  breeding  colony  in  the  bay 
of  Svcta  Parashkeva.  During  the  seventies,  re- 
ports of  monk  seal  sightings  have  been  receiv- 
ed from  along  the  coast  to  the  south  of  the 
town  of  Sozopol  (Zakhariev,  pers.  comm.). 
There  have  also  been  sightings  in  the  Bospho- 
rus  as  late  as  the  sixties  but  not  since,  which 
may  indicate  that  Black  Sea  and  Mediterra- 
nean populations  are  isolated  from  eadi  other 
(Berkes,  pers.  comm.). 

The  presence  of  the  monk  seal  is  still 
reported  on  many  Greek  islands  in  the  Aegean 
SCKft  although  it  is  rarelv  found  in  niainhuul 
Greece  (Ronald  and  Healey,  1974;  Ronald. 
1973;  lUCN,  1972).  Although  it  was  not 
thought  to  live  any  more  along  the  coasts  of 
Yugoslavia  and  mainland  Italy  (Roland  and 
Healey.  1974),  in  1975  (Keckes,  pers.  comm.)  a 
few  individuals  were  reported  to  be  surviving 
ak>ng  the  Yugoslav  coast  of  the  Adriatic  Sea 
between  Split  and  Montegorgano,  under  full 
protection.  Bruno  (1976)  cites  15-16  indivi- 
duals along  the  Dalmatian  Coast.  Recent 
sightings  have  been  made  in  Sardinia  (7  ani- 
mals), Sicily  and  the  smaller  islands  of 
Montecristo.  Egadi  (Boulva.  1974),  Tavolara 
and  Mareltmio  (Ronald  and  Healey,  1974). 
This  seal  has  also  been  seen  recently  on  the 
Cerbicales  Islands,  southeast  of  Corsica,  an 
area  now  being  considered  for  a  reserve 
(Boulva,  1977). 

To  summarize,  the  Mediterranean  monk 
seal  can.  at  present,  be  found  in  the  Madeiras. 
D&»ertas  Islands,  Canary  Islands,  other  small 
Atlantic  ridge  islands,  tne  ''Sahara**,  the  Me- 
diterranean coasts  of  Morocco,  Algeria,  Libya, 
Lebanon  and  Turkey,  a  part  of  the  Yugoslav 
coast,  islands  off  the  Tunisian  coast,  the  Greek 
islands  of  the  Aegean  Sea,  in  the  Blade  Sea 
along  the  Bulgarian  coast,  on  Sardinia,  Sicily, 
other  small  Italian  islands  and  possibly  near 
Corsica. 
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PofHilation  ifynamics 

Prkskm  m  mbkrs 

As  of  today,  the  world  population  of 
Mediterranean  monk  seals  would  appear  to 
omsist  of  a  maximum  of  800  animals  (Ronald 
and  Healey,  1974).  The  most  recent  informa- 
tion on  the  population  status  of  this  seal  was 
chtained  by  personal  communication  with 
persons  living  or  working  in  the  areas  where  it 
is  found.  No  formal  government  censusing  or 
tagging  has  been  carried  out.  Tt  would  appear 
that  at  present  there  are  2  or  3  monk  seals  near 
each  of  the  Madeiras,  Salvagens  and  Desertas 
Islands  as  of  1973.  a  few  around  the  Canary 
Islands  and  Isia  dc  Lobos  and  also  a  few  on  the 
islands  of  Santa  Mana,  Cape  Verde  and  I  lores 
in  1973.  There  were  at  least  SO  monk  seals  on 
the  coast  of  the  Sahara  in  June  1974,  and  2  are 
presently  in  captivity  in  Mauritania.  Up  until 
1973  there  were  a  few  seals  in  Morocco  and 
rcp^^rts  in  1974  indicate  a  maximum  of  ICQ  in 
Algeria.  There  were  a  few  seals  on  the  islands 
offTunisia  in  1972  and  there  are  perhaps  20  to 
30  presently  in  Libya.  It  is  doubtful  whether 
any  monk  seals  are  living  in  Egypt  or  Israel  but 
perhaps  1 2  still  exist  in  Lebanon.  In  1974  50-60 
seals  were  thought  to  be  living  along  the  l  ur- 
kidi  coast  but  all  animals  previously  reported 
to  be  in  captivity  are  now  dead.  It  is  interesting 
to  note  thai  most  animals  occurring  along 
I  urkish  coasts  are  older  animals  which  have 
f)robabl)r  been  driven  to  unsuitable  reproduc- 
tive habitats  by  human  dbturbance  (Berkes. 
pers.  comm.).  Several  pairs  still  e.xist  in  the 
Black  Sea  on  the  Bulgarian  coast  but  none  are 
now  seen  in  the  Bosphorus.  A  few  survive 

along  a  part  of  the  Yugoslav  coast.  An  esti- 
mated maximum  of  150  monk  seals  are  livinti 
in  the  Greek  islands  in  the  Aegean  Sea  and  it  is 
possible  that  small  populations  can  be  found 
in  or  near  Sardinia,  Stoly  and  Corsica  (Ronald 
and  Healey,  1974). 

Breeding 

Because  newborn  pups  have  been  found 


at  different  times  in  the  vear.  it  is  believed  that 
whelping  is  asynchronous  in  this  species  and 
may  take  place  all  year  round.  Newborn  pups 
were  found  on  21  May  1959,  7  July  1973 
(Boulva.  unpuhl.:  Duguy,  pers.  comm.)  and  4 
July  1974  (Duguy,  pers.  comm.)  at  the  Sahara 
colony.  A  pup  was  Dora  in  the  grotto  on  Kas- 
telomzo  in  June  1977;  in  October  a  yoimg 
seal  measuring  1.25  m  was  seen  just  outside  the 
same  cave  (Ronald,  unpubl.).  Little  else  is 
known  of  the  breeding  habits  of  the  monk  seal 
although  it  is  thought  to  have  a  gestation  pe- 
riod of  1 1  months  (Troitzky.  1953).  The  pups 
are  bom  on  land  and  do  not  enter  the  water 
until  they  are  weaned  from  their  mother  at  6-7 
weeks.  They  remain  with  their  mother  for  3 
years,  breeding  at  4  vears  of  age  (  KJCN.  1966; 
Maxwell,  1967).  Because  the  complete  breed- 
ing cycle  takes  13  months,  breeding  probably 
occurs  eveiy  second  year  (King,  1956;  lUCN, 
1966), 


Incidental  kill 

The  population  of  Mediterranean  monk 
seals  is  steadily  diminishing.  One  of  the  rea- 
sons for  this  is  the  incidental  kill  that  occurs 
when,  for  example,  the  seals  drown  in  fishing 
nets  or  when  fishermen  attempt  to  eliminate 
them  by  shooting. 


Historical  abundance 

The  population  of  Mediterranean  monk 
seals  was  probably  large  once  as  this  animal 
seems  to  have  been  well  known  by  previous 

generations  and  even  ancient  Greeks  and 
Romans  like  Plutarch,  Pliny,  Homer  and  Ari- 
stotle wrote  of  them  (Scott,'l97l;  King,  1964; 
Maxwell,  1967).  A  history  of  sealing  along  the 
northwest  coast  cif  Africa  indicates  that  at  one 
time  there  was  an  abundance  of  seals  in  that 
region.  The  Portuguese  caught  seals  in  the 
ISth  century,  whk;h  were  used  for  their  duns 
and  oil  and  there  mav  have  been  as  manv  as 
5  000  seals  at  one  lime  (Monod,  1932).  There  247 
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are  2  islands  in  this  area  named  Isla  de  Lobos, 
indicating  an  earlier  population  of  monk  seals 
(Monod,  1923;  Vasconcelos,  pers.  comm.).  At 
the  time  of  Admiral  W.H.  Smith's  travels  in 
the  carlv  19th  centurv  the  monk  seal  was  ap- 
parently abundant  all  along  the  coasts  of 
Libya  and  the  Arab  Republic  of  Egypt,  be^ 
tween  Alexandria  and  Benghazi  (Norris,  1972) 
and  formerly  it  occurred  in  large  numbers 
along  the  coast  to  the  west  of  Alexandria. 
There  are  reports  of  several  being  killed  during 
the  first  world  war  (Flower.  1932).  Up  to  30 
years  ago  one  could  see  monk  seals  quite  reg- 
ularly in  the  Black  Sea  and  even  m  the  Bos- 
phorus  (Kosswig,  pers.  comm.)  although  even 
around  the  end  of  the  19th  and  the  beginning 
of  the  20th  centuries  these  seals  were  appear- 
ing less  often,  possibly  because  of  human  dis- 
turbance of  ihek  breeding  grounds  near  the 
An;ii(^lian  and  Balkan  coasts  (Bychkov,  pers. 
comm.).  At  one  time  the  monk  seal  was  also 
fairly  numerous  in  Sicily  (Riggio,  pers.  comm.) 
as  it  probably  was  in  all  areas  of  its  present  day 
distribution  II  is  particularly  during  the  last 
century  that  its  population  has  decreased  rap- 
idly everywhere. 


Food 


The  nutritional  sources  of  the  Mediter- 
ranean OKMik  seal  are  varied  and  include  green 
algae (Schnapp.  Ilcllwingand  Chizelea.  1962X 
eels,  carp,  whiting,  sardines,  bonito.  octopus 
(Ronald,  1973),  lobsters  (Bertram,  1943;  Ga- 
vard,  1927),  herring  (Bacescu,  1948X  Dentex, 
Labra  (Boettger,  1951;  King,  1956),  whitefish, 
MulluK  siirmuJctus,  Boops  hoops.  Mugil  cepha- 
lus  (Ronald  and  Healey,  1974),  other  flat  fish 
(Maxwell,  1967)  and  other  fish  species.  These 
seals  are  often  a  nuisance  to  fishermen  as  they 
take  fish  from  their  nets  and  cause  damage. 
They  seem  to  take  fewer  fish  when  the  nets  arc 
set  at  a  depth  of  30m  (Ronald  and  Healey, 
1974).  Feeding  mainlv  in  the  water,  monk  seals 
have  been  observed  to  play  with  their  food. 


tossing  it  into  the  air  a  number  of  times  before 
eating  it  (Ronald  and  Healey,  1974)  and  there 
are  also  records  of  scab  eviscerating  fish  and 
eating  the  head  first  (Gavard,  1927).  Coastal 
grapevine  owners  in  Algeria  claim  that  the  seal 
will  climb  to  the  grapevines  at  night  to  eat  the 
grapes,  where  grapevines  are  often  grown 
close  to  the  seashore  (Boulva,  unpubl.). 


Ecosystem 

Little  is  known  about  this  seal's  place  in 
the  ecosystem.  It  is  possible  that,  because  of 
high  salinities  and  environmental  tempera- 
tures, the  seal  cannot  survive  in  the  Mediterra- 
nean. Its  true  habitat  may  become  the  Atlantic 
rather  than  the  Mediterranean, 

The  parasitology  of  the  Mediterranean 
monk  seal  has  had  limited  study.  It  is  known, 
however,  that  the  helminth  fauna  of  the  gas- 
trointestinal tract  is  fairly  diverse,  with  records 
of  large  infections  by  the  nematode  Contra- 
caecum  sp.  (Schnapp.  Hellwing  and  Chizelea, 
1962).  C.  osculatum  (Joyeux  and  Baer,  1936; 
Baylis,  1937;  Markowski.  1952)  and  Tcrmnova 
(synonym  of  Porrocaecum  and  Phocunema) 
decipiens  occur  in  lesser  numbers  (Schnapps, 
Hellwing  and  Chi/elea.  1962)  and  Anisokis 
pegrojji  (King.  1956)  are  also  found.  The  Ce- 
stoda  are  represented  by  Diphyllohothrium  sp. 
(Schnapp,  Hellwing  and  Chizelea,  1962),  spe- 
cificalK  coniccps.  cJevaus.  lanceolatum,  hians. 
latum  and  Diplogenophorus  tetrapteus,  Bolh- 
riocephalus  sp.,  and  an  immature  form  under 
the  name  CjMicerus  ceilulosae  (King,  1956). 


Aesthetic  value 


As  for  all  marine  mammals  the  particu- 
lar grate  of  this  group  in  water  is  outstanding. 
Seals  are  innately  curious  animals  and  return 
man's  curiosity  with  an  apparently  intelligent 
regard  for  man  himself. 
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Effects  on  human  activities  of  changes  in 
population  size 


As  (he  number  of  monk  seals  is  so  small 
there  cun  be  lilllc  etTect  on  humans.  If  an 
increase  occure  in  tiieir  numbers  there  would 
he  an  inconsequential  increase  in  damage  lo 
nets  and  a  limited  increase  in  competition  with 
man  for  food  species.  A  decrease  in  their  pop- 
ulation size  would  not  noticeably  afTect 
h u man  activities  other  than  causing  a  loss  in  an 
aesthetic  species  as  well  as  a  loss  of  a  biological 
indicator  of  the  condition  of  the  Mediterra- 
nean and  parts  of  the  Atlantic. 


(Boulva,  unpubl.)  has  driven  the  seals  from 
most  of  these  areas.  The  Mediterranean  monk 
seal  is  then  indeed  in  danger  of  extinction  and 
the  reasons  for  this  are  human  disturbance 
(mainly  in  the  form  of  tourism  and  increased 
settlement  of  coastline  areas)  and  polluiion, 
although  accidental  deaths  (such  as  drowning 
in  fishermen's  nets)  and  killings  (shootings  by 
fishermen  of  seals  that  have  become  a  nui- 
sance to  their  livelihood)  are  also  causes.  The 
animal's  inability  to  achieve  the  thermoregu- 
latory and  ionic  regulator\  needs  imposed  by 
high  saUnities  and  temperatures  must  also  be 
considered  as  possible  contributors  to  its  de- 
cline. 


Vahmbility  to  cxtinctioB 


The  population  of  the  Mediterranean 

monk  seal  is  decreasing  very  rapidly  and  ex- 
tinction could  result  within  the  next  quarter 
centuiy  if  cllcctivc  conservation  measures  are 
not  adopted  immediately.  The  main  reasons 
for  this  decrease  are  human  disturbance  in 
various  forms  and  marine  pollution,  the  cause 
varying  with  the  different  areas  of  distribution. 
The  Libyan  population  of  monk  seals,  for 
example,  is  diminishing  possihh  due  to  the 
increased  pollution  of  the  Mediterranean  Sea 
as  a  result  of  the  oil  industry  in  Libya  (Ess- 
ghaier.  pers.  comm.)  Growing  numbers  of 
boats,  skin  divers,  fishermen,  etc..  in  Lebanon 
are  causing  a  decrease  in  the  monk  seal  popu- 
lation as  is  pollution;  in  earlier  years  the  pop- 
ulations were  affected  by  the  introduction  of 
foreign  flora  and  fauna  from  the  Sue/  Canal, 
the  drop  in  productivity  since  1965  due  lo  the 
Aswan  Dam,  killings  (very  rare)  and  accidents 
(Le  Cavalier,  pers.  comm.).  Human  disturb- 
ance of  Black  Sea  monk  seals  on  ilie  breeding 
grounds  near  the  Anatohan  and  Balkan  coasts 
caused  the  eventual  disappearance  of  this  ani- 
mal (Bychkov,  pers.  comm  )  The  excess  of 
tourists  in  Sardinia  and  Sicily  (Casalc,  1970; 
Scott,  1971)  as  well  as  on  the  island  of  Corsica 


Use  of  Ihre  animals 


One  of  the  uses  of  Uve  monk  seals  would 
be  for  display  to  the  puUic  in  zoos.  They  have 
been  successfully  kept  in  captivity  on  many 

occasions  in  zoos  such  as  the  ones  in  Paris 
(lUCN,  1966;  Jarvis,  C.  editor,  1965),  Ankara 
(Lucas,  J.,  editor,  1970),  Rhodes  (Tsimenidis, 
pers.  comm.).  Istanbul  (Duplaix.  N..  editor, 
1973)  and  Izmir  (Mursaloglu.  1%4)  hui  now 
only  3  are  being  held,  2  in  the  Zoo  de  Cansado, 
Nouadhibou,  Mauritania  (Nicod,  pers. 
c(Miim  .).  Live  monk  seals  could  also  be  used  in 
scientific  research,  none  of  which  is  presently 
in  progress,  although  there  are  some  plans  for 
the  future  (Ronald,  1973).  Reintroductions 
from  such  captive  stocks  could  be  made. 


Need  lor  conservation  and  managenent 


Because  of  the  vulnerability  of  the  Me- 
diterranean monk  seal,  the  need  for  its  man- 
agement and  conser\ation  is  great.  The  only 
countries  taking  any  serious  measures  are 
France,  Italy,  Yugoslavia,  (jreece,  Bulgaria,  249 
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Rio  de  Oro  (lUCN,  1972)  and  Tunisia  (Ro- 
nald and  Healey,  1974).  Greece  has  recently 
decided  to  initiate  a  major  plan  fortheconserva- 
tioii  of  the  species.  Other  reserves  have  been 
suggested  for  Corsica,  Canary  Islands,  Filfla 
(south  of  Malta),  Kapidaz  (Turkey). 

Greece  has  established  1  reserve  in  the 
Sporades  Islands  of  the  Aegean  and  is  imple- 
menting a  series  of  critical  reserves  in  the  Do- 
decanese Islands,  where  the  largest  concentra- 
tion of  monk  seals  exists.  Turkey  has  estab- 
lished the  first  game  preserve  on  the  Kapidaz 
Peninsula  in  the  Sea  of  Marmara.  Further  re- 
serves or  protected  areas  have  been  suggested 
in  the  Canary  Islands,  around  the  Island  of 
Filfla  (south  of  Malta),  and  a  **Parc  Naturel" 
has  been  suggested  for  Corsica.  The  French 
have  established  the  Association  for  the  Pro- 
tection of  Marine  Mammals,  with  empha.sis  on 
the  monk  seal's  survival,  and  the  World  Wild- 
life  Fund  Will  give  high  priority  to 
projects  to  restore  the  monk  seal  as  part  of  its 
Marine  Programme  for  1976-78. 

The  followtng  measures  are  reoom> 
mended  for  the  future  protection  of  the  Medi- 
terranean monk  seal.  A  final  survey  of  the 
listed  population  centres  should  be  undertak- 


en, particularly  in  areas  like  the  Algerian  coast 
where  fairly  large  numbers  are  thought  to 
exist.  Governments  should  be  approached  and 
encouraged  to  undertake  oonservation  meas- 
ures. At  the  same  time,  a  research  programme 
should  be  initiated  which  includes  studies  of 
functional  anatomy  and  physiology,  behav- 
iour in  the  wild  and  in  captivity,  sensory 
physiology,  reproductive  physiology  and  be- 
haviour, reproductive  potential  in  the  wild  and 
in  captivity,  the  determination  of  ncccs.saiy 
conditions  for  the  successful  reintioduction  of 
any  captive  seals  and  identification  methods 
for  known  seals  populations  (Ronald  and 
Healey,  1974).  It  is  important  that  people  be- 
come educated  to  the  seaPs  essential  place  in 
nature  and  that  its  presence  is  brought  to  the 
attention  of  concerned  nations.  Finally,  it  is 
essential  that  exact  details  of  this  animafs 
present  distribution  be  available  only  to  a 
small  group  working  on  its  conservation,  to 
prevent  its  exploitation  by  the  tourist  industry 
as  this  would  surely  lead  to  its  extinction  (Ro- 
nald and  Healey,  1974). 

There  may  be  only  one  opportunity  to 
ensure  the  survival  of  the  Mediterranean 
monk  seal.  I  hal  opportunity  is  NOW. 
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THE  STATUS  OF  SEALS  IN  THE  UNITED  KINGDOM 


W.N.  Bonner 


Right  species  of  pinnipeds  have  been  recorded  from  the  United  Kingdom  in  recent 
limes,  but  onlv  the  grey  seal.  Halichoerus  f^rvpus.  and  the  common  seal,  Phoca  vitulino.  arc 
resident  breeding  species.  Due  at  least  partly  to  lessened  human  pressure,  the  grey  seal  haj> 
increased  Aom  a  relatively  rare  species  during  the  late  ISOte  to  a  present  population  of  about 
69  000  in  Great  Britain,  comprisint!  60  ^  of  the  total  world  population:  in  I%6.  about  2  000 
seals  were  estimated  to  live  around  Ireland,  found  mainly  in  the  southwest  but  also  on  the 
northern  coast,  Lombay  Island  and  in  the  Sahee  Islands.  Most  British  grey  scab  occur  in 
Scotland,  with  substantial  breeding  p<ipu!alions  in  the  Outer  Hebrides  (27  000).  North  Rona 
(9  000)  and  Orkney  ( 14  SOO)  and  smaller  numbers  on  the  mainland.  Fair  Isle  and  in  Shetland. 
The  largest  English  population  oocuis  in  the  Fame  Islands  (6  700)  with  smaller  numbers  off 
Norfolk,  the  Scilly  Isles.  Cornwall.  Wales  and  the  Isle  of  Man.  The  common  seal  may  have 
decreased  in  numbers,  and  has  a  smaller  geographical  range  in  the  United  Kingdom  than  the 
grey  seal:  of  the  estimated  British  population  of  IS  000  or  more  animals,  about  5  4SO-7  601 
(the  largest  concentration  in  Europe)  are  found  in  the  Wash,  with  smaller  groups  from  die 
Thames  csiuarv  to  ihc  River  Humber  and  ticcasionallv  in  other  parts  of  England  and  Wales; 
common  seals  arc  lound  in  the  larger  firths  and  estuaries  of  the  east  coast  of  Scotland,  in 
Shetland.  Orkney  and  the  Outer  Hebrides  and  generally  in  modest  numbers  on  the  Scottish 
west  coast.  At  least  I  2?0  common  seals  were  estimated  to  inhabit  waters  of  Ireland  in  1966. 
mainly  on  the  cast  and  northeast  coasts.  The  species  favours  relatively  sheltered  waters, 
congregating  in  large  groups  on  sand  banks  and  mud  flats,  and  is  relativdy  sedentary.  Grey 
seals  are  found  on  exposed  rix'kv  coasts  and  in  '-tronglv  tidal  waters  and  show  no  definite 
migratory  movements,  except  those  made  by  breeding  aggregation  during  auumn  and  sub- 
sequent random  dispersal  of  the  young.  Identifying  physical  diaracters  are  given  for  both 
species.  Female  grcv  seals  rc:ich  sexual  maturitv  at  age  4-5.  and  have  a  longevity  of  35  yctlB 
and  perhaps  46  years.  Males  rarely  breed  before  age  10  and  live  to  about  age  25.  An  adequate 
life  table  for  the  common  seal  in  the  United  Kingdom  is  lacking,  mamly  due  to  the  lack  of 
specimens. 

Competition  by  seals  for  the  heavily  exploited  fish  stocks  around  the  British  Isies  has  an 
effect  on  fisheries,  though  it  is  difTknih  to  cakmlate.  Although  not  certainly  known,  estimates 
of  average  daily  f(HKl  intake  of  common  and  grey  seals  include  5-8.5  kg  and  7.5-12.5  kg, 
respectively;  in  general  gadoids  are  the  most  common  food  item  and  salmonids,  dupeoids  and 
pleuronectids  are  also  prominent.  Large  aggregations  of  seals  cause  considerable  direct 
damage  to  fisheries,  but  this  has  not  been  quantified:  the  taking  of  salmon,  usaally  by  grey 
seals,  at  fixed  salmon  nets  is  the  most  frequent  complaint.  The  population  increase  of  this 
species  has  aggravated  the  situation  in  Scotland  and  northeastern  England.  The  role  of  seals  as 
the  definitive  hosts  of  Anisakine  nematodes  al.so  has  detrimental  economic  effects  on  fisheries. 
Except  for  these  examples,  seals  play  a  negligible  part  in  the  U.K.  economy.  Somewhat  253 
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regular  hunting,  mostly  for  pups  and  related  lo  nshcries  protcctum.  takes  phu  e  in  Orknev.  the 
Hebrides,  Shetland,  on  ihc  cast  and  west  mamland  coasts  of  Scotland  and  (as  a  commercial 
venture)  in  The  Wash.  There  is  no  sport  hunting  and  the  recreational  use  of  seals  is  confined  to 
boat-tripping  to  ofTshore  oonoentfations;  public  opinion  is  strong^  opposed  to  skin  hunting 
for  its  own  sake. 

The  Conservation  of  Seab  Act  1970  affbcts  seab  in  Enghind.  Wales  and  Scotland: 

licences  can  he  granted  for  scientific  research  commercial  exploitation  on  a  sustained  \ield 
basis  and  for  management  actions  to  protect  fisheries  and  the  environment,  ihc  Bntish 
Government  maintams  a  considerable  effbrt  m  the  field  of  seal  biology;  farther  information  is 
especially  needed  on  the  feeding  ranges  of  both  species  and  on  their  state  in  certain  areas 
Seals  are  protected  under  the  Wildlife  Act  1970  in  the  Irish  Republic  but  are  not  protected  in 
Northern  Ireland. 


Unit  cspeces  de  pinnipcdc>>  ont  etc  signalees  au  Ro\aume-Uni  dans  les  temps  modernes. 
mais  seuls  le  phoque  gris.  fialichuems grypus,  et  le  phoque  commun,  Phoca  viiuima,y  risideM 
en  permanence  et  s  v  reproduisent.  Par  suite  -  du  motns  en  partie  -  d\in  flichissement  de  la 
pression  humaine.  la  population  de  phoques  gris.  reialivemenl  rare  a  la  fin  du  l%me  siide  a 
atieint  le  chiiTre  actuel  d'environ  69  000  animaux  en  Grande-Bretagne  et  reprisente  60  pouf 
cent  du  total  de  la  population  mondiale.  On  estimait  en  1966  qu'environ  2000  phoques 
vi\  aicnt  dans  les  eaux  irlandaises  sLii  tout  au  sud-ouest.  mais  aussi.  sur  la  cote  nord,  IHe  de 
Lombay  el  les  ilcs  Saltcc.  La  plupart  dcs  phoques  gris  britanniqucs  sc  irouvcnt  en  Ecossc.  avec 
de  subslantielles  populations  de  reproductcurs  dans  les  Hebrides  exterieurcs  (27  000).  North 
Rona  (9  000)  et  les  Orcades  (14  SOD),  ainsi  qu'un  petit  nombre  sur  la  grande  terre.  H  Fair  Isle  et 
dans  les  Shetland.  La  plus  imptirtantc  population  anglaise  sc  trouve  sur  les  iles  f  ame  (6  700). 
avec  de  petits  groupes  au  large  de  Norfolk,  dcs  Sorlingues.  de  la  Comouaillc.  du  Pays  de 
Galles.  etdeltlede  Man.  Le  nombre  de  phoques  oommuns  pt)urrait  avoir  diminuc  ci  son  aire 
gdographiquc  est  moins  6tcnduc  au  Royaume-l  Jni  que  cellc  du  phoque  gris.  Sur  la  population 
britannique  evaluec  a  15  000  animaux  au  moms,  environ  5  450-7  601  (la  plus  grande  con- 
centration d'Europe)  se  trouvent  dans  le  Wash,  avec  des  groupes  plus  restreints  allant  de 
Testuaire  de  la  faniise  jusqu'i  la  Humber  et.  occasionnellement.  dans  d'autrcs  parties  de 
I'Anglctcrrc  ci  du  Pays  de  Galles.  Les  phoques  communs  se  rencontreni  dans  les  grands  bras 
de  mer  et  estuaires  de  la  oOte  est  de  rEooaae,  aux  Shetland,  aux  Orcades  et  dans  les  Hebrides 
exti^rieures;  on  en  trouve  gc-nc'ralenient  en  petit  nomhre  sut  la  cAte  c'cossaise  orienlale.  On  a 
cstmic  qu  au  moins  I  23U  phoques  communs  vivaicni  en  1966  dans  les  eaux  irlandaises, 
surtout  sur  la  oftte  est  et  nord-est.  l.'cspdcc  pr6f%re  les  eaux  rehitivement  abrit^cs,  sc  ra.sscmble 
en  grands  groupes  sur  les  bancs  dc  sable  et  dc  vase  ct  est  reialivemenl  scdentairc  Les  phoques 
gris  vivent  sur  les  cdtes  rocheuses  exposees  et  dans  les  eaux  a  fortes  marees;  ils  n  ont  aucun 
diplaoement  migratoire  d^i,  i  Texception  dcs  mouvemenis  des  reproducteurs  en  auiomne 

el  de  la  dispersion  dcsordonnec  subscqucnie  des  jeuncs.  I.cs  caract<^res  physiques  distinctifs 
sent  donnas  pour  les  deux  especes.  Les  femellcs  dc  phoque  gris  atleignent  I'age  de  maturite 
sexuelle  vers  4-S  ans.  Les  mAles  sont  rarement  aptes  i.  la  reproduction  avant  10  ans  et  vivent 
jusqu'a  25  ans  environ.  II  n'existc  pas  de  tableau  de  longcHitc'  approprii  au  Royaume-Uni 
pour  le  phoque  commun,  surtout  par  suite  du  manque  de  specimens. 

La  concurrence  des  phoques  pour  les  stocks  de  poissons  lourdement  exploit^  des  eaux 
britanniqucs  a  des  retentis>ements  sur  les  peches  qu'il  est  difficile  de  chifTrcr  Ricn  qi:"on 
manque  de  certitude,  on  estime  que  la  ration  alimentaire  quotidienne  du  phix^ue  commun  et 
du  phoque  gris  est,  respectivement,  de  5-8,5  kg  et  7,5-12.5  kg.  En  g^6ral,  les  gadidis 
constituent  Taliment  le  plus  coninuin  mais  les  salmonidcS.  les  ckipeidc'N  el  les  pleuronectidds 
254    Joucnt  aussi  un  role  important.  Les  vastcs  concentrations  de  phoques  provoquent  des  dom- 
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mages  directs  considerables  dans  les  pdches  mais  il  a  Hi  diificilc  dc  Ics  quantifier.  Lcs  plain tes 
les  plus  fr6queiites  portent  sur  le  fail  que  Ics  saumons  soni  d^vor^s  dans  les  installations  fixes, 
habituellemcnt  par  Ics  pboqucs  gris.  L'accroisscmcnt  de  la  population  dc  cctte  espioe  a 
aggravd  la  situation  eo  Ecosse  et  dans  I'Angleterre  du  nord-esi.  Le  fait  que  les  phoques  soient 
les  hdtes  d^fmitifs  des  nematodes  Anisakine  a  aussi  un  effet  dconomique  negatir  sur  les 
ptehes.  Exception  faitc  dc  ccs  exemples,  les  phoques  jouent  un  r&le  n^gligeable  dans  I'^oo- 
nomie  du  Royaume-Uni.  Quelques  activitis  dc  pcchc  rcinili^rc.  touchani  surKnii  les  phoques 
nOQveau-n6i  ct  li^cs  i  la  protection  dcs  pechcs  ont  licu  aux  Orcades,  aux  Hebrides,  aux 
Shetland,  sur  Ics  cotes  orientales  et  occidentales  de  TEcosse  et  (comme  entreprise  conimer« 
ciale)  dans  le  Wash.  II  n'c\i'>t(,'  p  >v  t  h  i'.^vc  sportive  cl  la  valeur  recreative  des  phoques  se 
limite  k  des  excursions  en  bateau  \crh  ics  conccniratiotis  du  large;  I'opiniun  publiquc  est 
fermement  oppostei  la  chasse  du  phoque  comme  fm  en  soi. 

I. a  loi  sur  la  conser\ation  des  phoques  de  \^70  intt^rcssc  lc"s  pht>qiie'-  d'Anglctcrrc.  du 
Pays  de  Galles  et  d'Ecossc.  Des  perniis  peuvcnt  etre  accord^s  pour  la  recherche  scicnlifiquc. 
I'exploiiaiion  oommeidale  sur  la  base  du  rendement  eumitrique  et  rexploiiation  rationnelle 
visant  :i  protcgcr  Ics  pcches  et  renvironncmcnt.  I.e  gouvemcmeni  britanniquc  cnnsacre  des 
rcssourccs  considerables  aux  rcchcrches  biologiqucs  sur  Ics  phoques.  II  est  neccssaire  d'obte- 
nir  des  informations  compMmentaires  sur  la  gamme  alimentaire  des  deux  esptoes  et  sur  leur 
6tat  dans  certaines  zones.  Les  phoqia-s  mhi!  proteiies  en  Republique  d'Irlande  par  la  Loisurla 
protection  de  la  nature  de  1970;  aucunc  prutectiun  n'exisie  en  Irlandc  du  Nord. 

Extneto 

En  el  Reino  Unido  se  ha  rcgi^irado  rccicntcmcnte  la  prcscncia  de  cKho  espccics  dc 
pinnfpedfM,  peio  s6lo  la  foca  gris  {Haliehoerus  fr^pitf)  y  la  foca  comAn  (Phoea  viiulliHi)  se 

reproducen  en  sus  auuas  Gracias  en  parte  a  la  disminucion  de  su  explotaciiSn  por  parte  del 
hombre,  la  I'oca  gris  ha  pasadu  de  ser  una  especie  relativamentc  rara  a  finales  del  siglo  pasado 
a  ima  poMadAn  actual  de  unos  69  000  animales  en  Gran  Bretafia.  que  representan  el  60  por 
ciento  de  la  poblaeion  mundial  total.  Fn  1966.  se  eslimo  que  \ivian  alredeilor  de  Irlanda  unas 
2  000  focas,  phncipalmente  en  cl  sudoeste,  pcro  tambien  en  la  costa  septentrional,  en  la  isia 
Lombay  y  en  las  islas  Saltee.  La  mayor  parte  de  las  focas  grises  de  Gran  BretaAa  se  encuentran 
en  Eseocia.  con  ptiblaciones  importanle-  lU-  rcproductores  en  las  Hebridas  Fxteriores  (27  000). 
en  North  Rona  (9  000)  y  en  las  Orcadas  (14  5UUJ,  y  en  menor  niimero  en  la  tierra  firme,  en  la 
isIa  Fair  y  en  las  Shetland.  La  poblaci6n  principal  de  Inglaterra  se  encuentra  en  las  islas  Fame 
(6  700),  y  ennAmcros  menores  frenle  a  Norfolk,  las  islas  Scillv,  Comualles.  Ciales  \  la  isIa  de 
Man.  El  nCimero  dc  t'ocas  P.  vituHna  parccc  habcr  disminuido.  y  su  zona  de  distribution  en  el 
Reino  Unido  es  menor  que  la  de  la  foca  gris;  de  los  15  000  o  mis  animales  en  que  se  estima  la 
p<iblaci6n  de  Gran  Bretana  unos  5  450-7  601  (la  mayor  conccniracion  dc  Furopa  )  se  encuen- 
tran cn  el  Wash,  con  grupos  menores  cnlre  cl  cstuaho  del  l  amcsis  y  el  riu  Humbcr  y  en 
ocasiones  en  otras  partes  dc  Inglaterra  y  Gales;  se  encuentran  tambito  focas  comunes  en  los 
i:randes  esteros  y  estuarios  de  la  costa  este  de  Inelaterra.  en  las  Shetland,  las  Orcadas  y  las 
Hi^bridas  Exteriores  y  en  general,  en  numcro  rcducido,  en  la  costa  occidental  de  Eseocia.  Se 
calcula  que  en  tas  aguas  de  Irianda  habia  en  1966  como  minimo  1 250  focas  comunes.  sobte 
lodocn  las  n  1^1. 1^  csic  \  nordc^le  I'stos  animales  prcllcrcn  aguasrclativamentc  protcgidas  v  SC 

oongregan  en  grandcs  grupos  cn  bancos  de  arena  y  llanuras  de  fkngo;  la  espede  es  rclaiiva- 
mente  sedenlaria.  La  foca  gris  se  encuentra  en  oostas  rocosas  expuestas  al  mar  y  en  aguas  con 
gran  movimiento  dc  marcas  y  no  mucsira  claros  movimientos  migralorios,  si  sc  cxceptuan  las 
ooncentraciones  para  la  reproducci6n  durante  el  otoiio  y  la  posterior  dispersion  alcatoria  dc 
los  animales  jovenes.  Se  indican  las  caracterlsticas  fisicas  peculiares  de  ambas  especies.  Las 
hembras  de  foca  gris  alcan/an  la  madure/  sexual  a  los  cualro-cinco  anos  dc  edad  \  su 
longevidad  es  de  35  anos  y  tal  vez  Ueguen  a  46.  Los  machos  raramcnte  se  reproducen  antes  dc 
los  diez  aikosy  alcanzan  unos  25  aAos  de  edad.  No  existcn  buenas  estadlsiicas  viiales  de  la  foca  25S 
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comdn  en  el  Reino  Unido,  debido  principalmente  a  la  falta  de  ejemplaies  sufictentes  para 

estudio. 

La  actividad  de  las  focas  sobre  las  poblaciones  de  peces  intensamente  explotadas  de  las 
Islas  Britdnicas  repercute  ciertamente  en  las  pesquerias,  pero  es  dificil  haccr  un  cdlculo  exacto. 
Aunque  no  sc  conocc  con  ccrlcza,  sc  cstima  que  la  ingcsla  diaria  media  de  alimentos  de  la  foca 
oomto  y  la  foca  gris  es  respectivamente  de  5-8.5  kg  y  7.5-12.5  kg  en  general,  el  alimenio  mis 
comun  son  \os  yiklidds.  v  lambien  los  •valinonidos  clupcidos  v  plcuronc'ctidos  son  imporlantcs. 
Las  grander  conccnlruciones  dc  focas  cuui>an  danos  dircctos  aprcciables  a  las  pesquerias,  pero 
no  selian  cuandficado;  las  quejas  mis  fiecuentes  se  refleren  a  la  depredaddn  de  nbnones.  de 
ordin;irio  por  //  ^^rvpus.  cn  las  redes  saimoneras  fljns  Fl  aumento  de  la  poblacion  de  esta 
especie  ha  agravado  la  situacion  en  Escocia  y  en  el  nurdesie  de  Inglaterra.  Tambien  ia  luncion 
de  estas  focas  oomo  hospedante  definitivo  de  los  nematodes  Anisakine  dene  efSectos  econ6- 
micos  pcrjudicialcs  cn  las  pesquerias.  Salvo  cuanto  sc  ha  dicho.  las  focas  dcsempcfian  una 
funci6n  insignificanlc  cn  la  cconomia  del  Rcino  Unido.  La  caza  de  focas,  sobre  todo  cachorros 
y  animate  que  molestan  en  las  pesquerias.  se  practica  oon  derta  regolaridad  en  las  Orcadas, 
las  Hebridas.  las  Shetland,  la  costa  este  y  oeste  de  Escocia  v  (como  empresa  comeicial)  cn  el 
Wash.  No  existe  caza  dcponiva  de  eslos  animales,  y  el  valor  recrcaiivo  dc  las  focas  se  limita  a 
algunos  viajes  en  embanauiones  para  visitar  las  oonoentradones  que  se  encuetran  a  lo  laifo  de 
la  costa:  la  opinion  pAblica  se  opone  enii]pcamente  a  la  capture  de  eslos  animales  para 
aprovechar  sus  pieles. 

La  Ley  de  Conservaddn  de  las  Focas  de  1970  afecta  a  las  focas  de  Inglaterra.  Gales  y 
Tscocia;  pueden  concederse  licencias  de  caza  para  investigaci6n  cientifica.  para  cxplotacion 
cotnerciai  sobre  la  base  de  un  rendimiento  sostenidoy  para  proieger  las  pesquerias  y  el  medio 
ambiente.  El  Gobierno  Britinico  reafiza  considenblei  esfuerzos  en  el  campo  de  la  biologia  de 
las  focas;  se  necestta  mis  iiifonnact6n.  especialmenie  sobre  las  zonas  en  que  se  alimentan 
ambas  especies  y  la  situaci6n  actual  de  las  poblaciones  en  algunos  lugares.  Las  focas  estdn 
protegidas  en  la  Republica  de  Irlanda  por  la  Ley  de  la  Fauna  de  1970,  raicntras  no  es(an 
pfotegidas  en  Irlanda  del  Norte. 


H'.;V.  Bonner 
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Introduction 


The  United  Kingdom  Government 
maintains  u  considerable  effort  in  the  field  of 
seal  biology.  The  Seals  Research  Division  of 
the  Institute  for  Marine  Environmental  Re- 
search (a  component  bodv  of  the  Natural  Envi- 
ronmenl  Research  Council)  comprises  eight 
scientists  and  support  staff  whose  sole  task  it  is 
to  study  British  seals. 

Eight  species  of  pinnipeds  have  been  re- 
corded from  United  Kingdom  waters  in  recent 
times,  but  of  these  only  two,  the  common  seal, 
Phoea  vilulina  L.  and  the  grey  seal,  Halichoe- 
m,<>  ^nyw5(Fab.)  are  resident  breeding  species. 
1  he  walrus,  Ociubenus  rosmarus;  the  nnged 
seal,  Pusa  hispida;  the  harp  seal,  Pa^ophilus 
'^roenlandicus;  the  bearded  seal,  Erignaihus 
harhatus:  and  the  hooded  seal.  Cystophora 
crisiaia,  have  been  sighted  as  occasional  vag- 
rants. The  walrus  may  have  been  more  abun- 
dant in  early  times,  as  walrus  remains  are  not 
infrequent  in  Bronze  and  Iron  Age  deposits.  It 
IS  possible  that  the  ringed  seal,  which  resem- 
bles the  common  seal  and  is  difficult  to  distin- 
guish from  it  in  the  water,  is  a  regular  visitor  to 
Shetland.  There  is  a  single  record  of  a  Cali- 
fornia sea  lion,  Zaluphm  calijurnianus,  but  this 
was  without  doubt  an  animal  that  had  escaped 
from  captivity  (Coulson  and  Hickling,  1960). 

The  remainder  of  this  paper  is  confined 
lo  the  common  seal,  of  which  about  40  per  cent 
of  the  European  stock  is  to  be  found  in  Great 
Britain,  and  the  grev  seal  whose  British  p<ipu- 
lation  compnses  about  60  per  cent  of  the  total 
world  stock. 


Identification 


Common  seai 

Adult  males:  nose  to  tail 

length:  130-160  cm  (26  specimens) 

exceptionally  to  1 70  cm. 
Weight  55-105  kg  (22  specimens); 


Adult  females:  nose  to  tail 
length:  120-155  cm  (26  specimens) 
Weight  45-87.5  kg  (19  specimens). 
Length  at  birth  70-97  cm,  weight  9-1 1  kg. 

The  coat  colour  and  pattern  are  very  vari- 
able, usually  a  mottle  of  dark  spots  on  a  lighter 
ground,  but  on  the  back  spots  coalesce  to  pro- 
duce a  pale  reticulation  on  a  dark  ground. 
Males  are' generally  darker  than  females.  The 
coat  fades  to  u  brownish  tinge  pnor  to  moult  at 
the  end  of  summer.  Pups  are  bom  in  first  adult 
pelage,  rarely  in  silver  or  fawn  lanugo.  Pup 
skins  from  the  Wash  are  paler  than  those  from 
Scotland  and  may  entirely  lack  spotting  on 
belly;  a  similar  difference  was  noteo  in  P.  vitu- 
Una  pups  from  Arctic  and  maritime  Canada 
(Dunbar,  1949). 

Claws  on  the  fore-Hmbs  are  short,  not 
much  overhanging  the  tips  of  the  digits;  the 
head  is  small  in  relation  to  body,  the  top  of  the 
head  is  rounded  and  the  snout  is  short.  Nostrils 
are  at  an  angle,  thus:  \/,  and  alniosl  touching 
betow  (Wynne-Edwards,  19S4).  Teeth:  i  3/2 
c  l/I  pc  5/5  Check  teeth  (except  1st)  are 
much  longer  than  broad,  set  obliquely  in  the 
jaw  clearly  tricuspid  with  posterior  cusps  often 
sub-divided.  The  inter-orbital  region  of  tfie 
skull  is  slender,  the  palate  anteriorly  flat,  the 
posterior  palatal  foramen  enters  the  palate  on 
maxilla,  the  posterior  border  of  palate  is  A 
shaped;  nasals  extend  beyond  the  posterior 
margin  of  maxilla. 


Grey  seal 

Adult   males:    nose   to   tail    195-230  cm 
(t  -  207.3,  SD  =  9.5,  N  =  25) 
Weight  170-310  kg  (x  -  233.0,  SD  -  37.6, 
n  =  25). 

Adult  females:  nose  to  tail   165-195  cm 

(X  =  179.6,  SD  =  7.4,  n  =  25) 

Weight  105-186  kg  (x  -  154.6,  SD  -  24.1, 

n  =  25). 

Length  al  birth  90- 105  cm,  weight  14.5  kg.  257 
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There  is  marked  sexual  dimorphism  in  the  coat 
pattern.  Apart  from  the  generally  darker  tone 
of  the  back  which  shades  into  the  lighter  belly 
there  arc  two  tones,  a  lighter  and  a  darker.  In 
males  the  darker  tone  is  more  extensive  form- 
ing a  continuous  dark  background  with  light 
patches;  in  females  the  lighter  tone  is  contin- 
uous with  dark  spols  (Hewer  and  Badchouse, 
1959)  but  the  spots  are  always  larger  than 
those  of  the  common  seal.  The  colour  varies 
from  almost  black  in  some  bulls  to  silver  grey 
on  cream  in  light  females.  Yearlings  near 
moult  are  nearly  uniform  fawn.  Pups  bom  in 
white  lanugo  moulted  after  2-3  weeks. 

Adult  males  arc  conspicuously  larger 
than  females,  with  heavy  necx  and  shoulders. 
The  bull's  profile  is  convex,  the  muzzle  wide 
and  heavy;  the  cow's  profile  is  almost  flat,  the 
muzzle  more  slender.  Claws  on  the  fore-limb 
are  long  and  slender,  and  overhang  the  ends  of 
the  digits  by  2-3  cm.  The  nostrils  are  al- 
most parallel  and  separated  below  (Wynne- 
Edwards,  1954).  Dentition:  i  3/2  c  1/1  pc  5/5 
(often  6/5).  The  diede  teeth  are  large  and 
strong,  nearly  circular  in  cross-section,  each 
with  .single  conical  cusp;  secondarv  cusps  are 
insignifieanl,  usually  only  on  5lh  upper  and 

4th  of  5th  lower  pc  The  posterior  margin  on 

the  palate  is  evenly  nninded.  the  anterior  part 
of  the  palate  strongly  arched;  the  posterior 
margin  of  nasals  is  approximately  level  with 
the  maxillae;  the  inter-orbital  region  wide;  the 
ver\  wide  nasal  openings  and  elevated  fron- 
to-nasal  region  are  characteristic  of  this  spe- 
cies, but  may  be  confused  with  Cystophora 
cristata  from  which  it  is  distinguished  by  inci- 
sors 2/2  in  latter. 


DistriMtioD  and  movements 


The  largest  concentrations  of  seals  are  to 

be  found  in  remote  areas;  this  may  be  a  con- 
sequence of  disturbance  by  man.  Bonner  has 
discussed  habitats  (1972)  and  distribution 
(1976). 


Common  seals 


Common  seals  are  most  often  to  be 
found  in  relatively  sheltered  waters,  particu- 
larly estuaries,  sea-lochs  or  around  island  ar-  I 
chipelagos.  They  are  the  characteristic  seals  of  ' 
sand-banks  and  mud-flats,  such  as  those  in  the 
Wash,  where  they  may  occur  in  groups  of  up  to 
300,  sometimes  500.  Around  rocky  shores  as  in 
Shetland  or  on  the  west  coast  of  Scotland*  they 
are  usually  found  in  small  groups,  rarely  lai)ger 
than  20^0. 

The  largest  concentration  in  Europe  is  in 
the  Wash  in  eastern  England,  where  the  stock 
is  estimated  to  he  hetween  5  450  and  7  601 
(Summers  and  Mountford,  1975).  Much 
smaller  groups  occur  on  sand-banks  from  the  , 
Thames  estuaiy  to  the  Humbor.  Elsewhere  in 
England  and  Wales  oommon  seals  occur  only 
occasionally. 

They  are  also  found  in  the  larger  firths 
and  estuaries  of  the  east  coast  of  Scotland, 
though  it  is  doubtful  if  the  species  breeds  in  the 
Firth  of  Forth.  Populations  are  a.ssociated  with 
the  principal  offshore  island  groups  -  Shet- 
land, Orkney  and  the  Outer  Hebrides  -  j 
though  thev  are  absent  from  the  distant  islands 
of  North  Rona,  Sula  Sgeir  and  St.  Kilda.  The 
species  is  generally  distributed,  though  not  in 
large  numbers,  on  the  west  coast  of  Scotland 
and  the  adjacent  islands.  It  is  absent  from  the 
Isle  of  Man  and  the  Channel  Islands. 

Lockley  (1966)  estimated  that  there  were 
at  least  1 250  in  Ireland,  the  largest  concentra- 
tions occurring  in  the  shallow  waters  of  the 
east  and  northeast  coasts. 

They  are  relatively  sedentary  animals, 
and  individuals  can  be  seen  on  the  same  rode 
day  after  day  (Venables  and  Venables.  1955). 
There  is  some  interchange  over  small  distances 
and  some  more  extensive  movement  of  young 
animals.  Seals  mariced  as  pups  in  the  Wash 
have  been  recovered  from  hetween  North 
Berwick  (Firtn  of  Forth)  and  the  coast  of  Hol- 
land (Bonner  and  Witthames,  1974).  No  defi- 
nite migratory  movements  are  known. 
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Grey  seab 

By  coatiast,  grey  seals  are  more  often  lo 
be  found  on  exposed  rock  coasts  and  in 
strongly  tidal  waters  such  as  the  Pentland 
Firth.  They  have  a  wider  geographical  range 
than  the  common  seal  in  the  United  Kingdom, 
occurring  from  the  Scilly  Isles  to  Shetland.  In 
Scotland,  where  the  great  majority  occur,  sub- 
stantial populations  breed  in  the  Outer  Hebri- 
des, at  North  Rona  and  at  Orkney.  Smaller 
groups  occur  in  Shetland  and  the  Inner  He- 
brides and  very  small  numbers  breed  on 
mainland  Scottish  coasts. 

The  largest  population  in  England  is  that 
of  the  Fame  Islands,  off  the  Northumberland 
coast.  A  few  occur  in  the  Wash,  on  one  of  the 
outer  sands,  and  a  group  of  about  100-200, 
which  produces  6-15  young  each  year,  is  found 
on  a  tidal  bank  at  Scrobv  Sands,  off  the  cast 
Norfolk  coast.  This  habitat,  as  a  breeding  sta- 
tion, is  unique  in  Europe,  though  grey  seals 
breed  in  large  numbers  on  the  sands  of  Sable 
Island.  Canada.  Grey  seals  arc  found  as  a 
breed  mg  species  in  small  numbers  in  the  Scilly 
Isles,  sparsely  on  the  Cornish  coast,  on  the 
coasts  and  off-lying  islands  of  Pembrokeshire 
and  Cardiganshire  and  in  ver\'  small  numbers 
on  the  Lleyn  Peninsula  and  Anglesey  in  North 
Wales.  Small  numbers  breed  on  the  Isle  of 
Man. 

Lockley  (1966)  estimated  that  2  (K)0  grey 
seals  occurred  in  Ireland.  They  are  lo  be  found 
mainly  in  the  south-west,  though  there  are 
some  on  the  northern  coast  and  others  at  the 
Saltee  Islands  and  Lambay  Island  on  the  east 
coast. 

Otey  seals  are  widely  distributed  in  coa- 
stal waters  during  the  spring  and  summer  but 
concentrate  in  comparatively  few  breeding 
places  in  the  early  autumn,  dispersing  again 
after  breeding  has  ended.  Boyd  (1962)  has 
described  their  movements  in  north-west  Bri- 
tain and  Bonner  (1972)  has  summarised  dis- 
persal of  the  young.  This  is  a  random  move- 
ment, the  young  seals  radiating  out  in  all  sea- 
ward directions  from  their  breeding  sites.  As  in 


the  common  seal,  there  are  no  definite  migra- 
tory movements  but  the  aggregation  in  the 
breeding  season  impose  a  more  mobile  pattern 
on  grey  seals. 


Status  of  stodES 


This  has  been  reviewed  by  Bonner 

(1976)  and  Summers.  Bonner  and  van  Haaften 
(1978).  The  most  striking  change  in  the  British 
seal  population  has  been  the  very  rapid 
increase  of  grey  seals  since  the  beginning  of 
tfiis  century. 

Tables  1  and  2  summarise  the  popula- 
tion estimates,  status  and  management  regi- 
mes for  grey  and  common  seals  respectively. 

It  w»  not  until  1932  that  Gunn  noted 
that  grey  seals  were  beginning  to  frequent  the 
inner  islands  of  the  Orkney  group  (Gunn, 
1932):  prior  to  that  the  seab  hadbeen  confined 
to  Seal  Skerry  off  North  Ronaldsay  and  per- 
haps on  the  skerries  of  the  Pentland  Firth.  A 
stock  of  about  8  750  grey  seals  of  which  over 
90  %  breed  on  the  inner  isles  is  now  centred  on 
Orkney.  In  the  Hebrides  even  more  striking 
increases  have  taken  place.  As  recently  as  1966 
only  15  pups  were  counted  at  the  Monach 
Isles;  in  1976  production  was  estimated  at 
about  2  572  pups  and  in  the  same  period  pro- 
duction for  the  whole  group  reached  6  850.  In 
the  Fame  Islands  accurate  counts  of  the  num- 
ber of  pups  bom  have  been  nuule  since  19S6. 
These  increased  from  75 1  in  that  year  to  I  956 
in  1970 (Bonner  and  Hiekling.  1971).  Numbers 
have  since  fallen  as  a  result  of  exten.sive  culling 
of  adult  seals,  and  in  1976  only  1  420  pups 
were  bom  (Hiekling,  Hawkey  and  Harwood, 
1977). 

Although  early  reports  were  not  founded 
on  such  extensive  observations  as  are  available 
today,  there  is  little  doubt  that  the  grey  seal 
was  relatively  rare  in  the  late  nineteenth  cen- 
tury; Ritchie  and  Calderwood  (in  Rae,  I960) 
estimated  that  there  were  about  4  000-5  000 
grey  seals  around  the  United  Kingdom  in  259 
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Table  1.  Statu  of  gny  seal  aioclu  in  GmrtMlafB 
(SSD),  Institute  of  Marine 


ncr,  IfTfi  qrieted  wMi  infometioa  from  the  Seab  Research  DMsion 
Rceeaidi,  NERC) 
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1928;  these  had  increased  to  about  46  000  in 

1972.  In  earlier  times  grey  seal  numbers  were 
probably  kept  in  check  by  human  predation 
during  iheir  vulnerable  breeding  season.  Dur- 
ing the  last  100  yean  the  depopulation  of  out- 
lying islands  and  the  decline  in  the  croft- 
ing-fishin*.'  wav  of  life,  in  which  seals  were 
regarded  a.s  a  valuable  resource,  have  both 
lessened  the  pressure  on  the  sealSt  and  pro- 
vided them  with  previously  unavailable 
breeding  sites. 

Common  seals  do  not  seem  to  have  un- 
dergone similar  changes  in  the  same  period, 
and  indeed  their  numbers  may  have  declined, 
though  very  few  data  exist.  Their  breeding 
habits  may  perhaps  have  made  them  less  vul- 
nerable in  earlier  days  to  predation  by  man, 
and  less  able  to  benefit  todav  from  the  availa- 
bility of  new  breeding  sites.  Schefler  (1958) 
raised  the  question  as  to  whether  common 
seals  might  be  unable  to  compete  sucoessAilly 
with  giey  seals. 


Vital 


Bonner  (1972)  has  reviewed  the  breed- 
ing biology  of  grey  and  common  seals  in  Eu- 
rope. A  valuable  paper  by  Hewer  (1964)  has 
provided  a  population  analysis  based  on  a 
.sample  of  295  grey  seals  of  known  age.  Hewer 
found  that  about  half  the  cows  were  mature 
(i.e.  had  <n  ulatcd)  at  age  4  and  the  rest  at  age  5. 
Hewer  calculated  the  longevity  of  the  female 
to  be  35  years  but  Bonner  (1971)  recorded  a 
cow  shot  in  the  wild  aged  46.  Males  rarely 
take  part  in  breeding  before  age  10  and  live  to 
about  25  years. 

From  his  data  Hewer  derived  survival 
rates  for  a  hypothetical  stable  gr^  seal  pop- 
ulation and  used  these  to  prepare  an  analy- 
sis of  a  population  producing  1  0(X)  pups  by 
die  end  of  the  breeding  season.  This  may  be 
used  to  calculate  the  total  population  where  the 
number  of  pups  bom  is  known.  This  ''pup 
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of  common  sol  stocks  in  Grait  Britila  (ffim  Bomcr,  1976, 
(SRD).  iBstilute  of  Mariiw  Enviranmental  Rcsearcli,  NERC) 
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factor"  varies  from  3.1  at  the  beginning  of  the 
season  to  3.9  at  the  end.  A  factor  of  3.5  has 
been  used  to  convert  pup  counts  to  total  pop- 
ulations in  this  and  many  other  papers  on 
British  grey  seals.  This  factor  will  apply  only 
to  a  stable  population  and  special  multi- 
pliers are  required  for  populations  which  are 
changing  in  size. 

No  large  samples  of  British  common 
seals  have  so  far  been  analysed.  Harrison 
(1960)  suggested  sexual  maturity  in  the  Wash 
seals  was  reached  later  than  aue  3  and  was 
more  likely  to  be  age  3  or  6,  at  least  in  bulls. 
Bigg  (1969)  in  his  study  of  Phoca  vitulina  ri- 
chardi  in  British  Columbia  found,  in  a  sample 
of  138  femak-s.  that  20  %  matured  at  age  2. 
38  %  at  age  4  and  8  %  at  age  5.  Males  matured 
between  ages  3  and  6,  mostly  at  S.  It  is  likely 
that  the  British  seals  are  similar.  Further  woik 
is  urgently  needed  on  this  subject  but  the  col- 
lection of  material  presents  dilTiculties. 


Food  habits  and  relations  to  fisheries 


Rac  (I960,  1968  and  1973)  has  studied 
the  feedint:  habits  of  Scottish  seals  extensively. 
Sergeant  (1951)  has  made  observations  on  the 
feeding  of  common  seals  in  the  Wash  and 
Anderson  ei  al.  (1974)  have  presented  some 
data  for  grey  seals  in  the  Welsh  Dec. 

In  general,  seals  eat  fish  and  since  most 
fish  stocks  around  the  British  Isles  are  heavily 
exploited  it  follows  that  the  large  amount 
eaten  by  seals  has  an  effect  on  fisheries.  Al- 
though in  many  cases  the  samples  studied  have 
been  biased  towards  seals  collected  at  the  site 
of  fishing  operations  it  appears  that  both  grey 
and  common  seals  eat  gadoids  more  com- 
monly than  other  fish.  Salmonids  (particularly 
Salmo  saiar,  the  salmon),  clupeoids  (particu- 
larly Chtpea  horengus.  the  herring)  and  pleu- 
ronectids  (most  often  found  in  the  diet  of  261 
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OOmmon  seals)  arc  also  prominent. 

The  amount  of  food  consumed  in  the 
wild  is  not  certainly  known.  Steven  (1934)  cal- 
culated that  grey  srals  ate  1 5  lbs  (6.8  kg)  of  fish 
a  day.  Rae  (1970)  supported  this  and  in  a  later 
paper  ( 1973)  recorded  a  single  meal  of  9.98  kg 
(22  lbs)  of  salmon  taken  from  the  stomach  of  a 
male  grey  seal.  Using  Keys'  (1968)  estimate  of 
a  food  intake  of  6-10  ^*  of  body  weight  per  day, 
Bonner  (1972)  suggested  that  reasonable  esti- 
mates of  average  daily  intake  were  S-8.5  kg  for 
common  seals  and  7.5-12.5  kg  for  grey  seals. 

Where  seals  occur  in  large  numbers  they 
cause  appreciable  damage  to  fisheries.  In 
Scotland  and  north-east  England  tfiesitimtioii 
has  been  exacerbated  by  the  rapid  increase  in 
grey  seal  numbers. 

The  damage  most  complained  uf  in  the 
United  Kingdom  but  so  far  unquantified  is  the 
taking  of  saunon  from  fixed  .salmon  nets,  usu- 
ally by  grey  seals  (Rae  and  Shearer.  1965).  Net 
damage  has  declined  since  synthetic  fibres 
have  been  substituted  for  cotton.  Fixed  gill 
nets  set  for  cod  on  the  east  coast  of  Scotland 
are  also  liable  to  atack  by  grey  seals,  as  are 
ground  nets  in  the  Minch  and  drift  nets  in 
various  places.  Long^lincs  are  affected  by  seals 
stripping  the  bait  or  takmg  the  fish  firom  the 
hooks  (Rae,  1960). 

It  is  difficult  to  estimate  the  elTeci  of 
seals  on  wild  stocks  of  fish.  Lodcie*s  (1962) 
attempt  to  do  so  for  salmon  and  the  Fame 
Islands  stock  of  erev  seals  failed  to  reach  firm 
conclusions  because  of  msufficient  data.  Since 
that  time,  this  stock  of  seals  has  nearly  doubled 
in  size. 

The  role  of  seals  as  the  definitive  hosts  of 
Anisakine  nematodes  is  also  of  significance  to 
fisheries.  The  increase  in  the  incidence  of  lar- 
Vieof  Terranova  decipiens  C'cod  worm")  in  the 
flesh  of  cod  around  the  British  Isles  can  be 
oofrelated  witii  increasing  grey  seal  numbers. 
Although  Terranova  is  destroyed  by  all  ordi- 
nary means  of  cooking  cod,  wormy  cod  is  less 
attractive  to  the  consumer  and  badly  affected 
cod  is  unsaleable.  The  cost  of  filleting,  candl- 
ing and  removing  the  worms  by  hand  adds 
262   greatly  to  production  costs.  Gr^  seals  are  of 


greater  importance  in  the  transmission  of  Ter- 
ranova than  common  seals  (Young,  1972). 
Adults  of  another  nematode,  Anisakis  sp. 
(**herring-worm'*)  are  oocaaonalty  found  m 
grey  seals  but  more  often  in  porpoises  and 
other  Cetacea.  Ihe  larvae  infest  herring. 
Young  concluded  that  grey  seals  were  not 
hosts  of  significance  to  species  of  Anisakis. 


Ecooomic  value 


Seals  play  a  negligible  part  in  the  econ- 
omy of  the  United  Kingdom,  except  as  pests 
of  commercial  fisheries.  More  or  less  regular 
seal  hunting,  mostly  for  pups,  takes  place  in 
Orkney,  the  Hebrides,  Shetland,  the  cast  and 
west  mainland  coasts  of  Scotland  and  in  the 
Wash.  Bonner  (1969)  discussed  seal  hunting  in 
the  United  Kingdom  and  suggested  that  the 
aggregate  proceeds  from  sealini'  did  not  ex- 
ceed i'  12  000  a  year  and  that  cropping  at  maxi- 
mum sustainable  yield  levels  might  increase 
this  to  r  50  000  or  1  60  000.  Smce  then  both  the 
stocks  of  seals  and  the  price  of  skins  have 
increased,  but  it  is  unUkely  that  the  total  re- 
source would  ever  exceed  a  gross  value  of 
i' 80  000  a  year  at  present  prices.  Most  seal 
hunting  in  the  United  Kingdom  (though  not  in 
the  Wash)  is  related  to  fisheries  protection; 
public  opmion  is  strongly  opposed  to 
skin-hunting  for  its  own  sake.  There  is  no  sport 
hunting  of  seals  in  the  I  nited  Kingdom.  Rec- 
reational use  of  seals  (which  is  locally  consid- 
erable) is  mainly  confined  to  boat-tripping  to 
seal  islands  -  as  in  the  Fame  Islands  -  or  seal 
rocks  —  as  in  Cornwall.  The  value  of  this  use 
cannot  be  quantified;  it  is  not  directly  related 
to  the  abundance  of  seals. 


ConsemtioB  legislation 


The  Conservation  of  Seals  Act  1970, 
which  covers  England,  Wales  and  Scotland, 


Copyrighica  rnaiuna 


SEALS  IN  THE  UNITED  KINGDOM 


prohibits  for  both  species,  the  killing,  injurins 
or  taking  of  seals  (or  any  attempts  to  do  so) 
during  close  seasons  whidi  cover  the  breeding 
seasons  (grey  seals.  I  September-31  December; 
common  seals.  I  Jiine-31  August).  When  it 
appears  necessary  on  conservation  grounds  a 
Pailiameatafy  Order  can  also  be  made  proh> 
ibiting  absolutely  the  killing  of  seals  in  speci- 
fied areas.  Currently  (August  1977)  such  an 
order  is  in  force  m  respect  of  common  seals  in 
Shetkuid.  Neither  of  these  prohibitions  applies 
to  seals  killed  in  the  immediate  vicinity  of 
fishing  nets.  Licences  can  he  granted  to  kill  or 
lake  seals  during  the  close  season  (most  of  the 
hunted  pups  are  taken  under  such  licences)  or 
at  any  time  in  a  prohibited  area,  for  a  variety  of 
reasons.  These  include  scientific  purposes, 
prevention  of  damage  to  fisheries,  reduction  of 
a  population  surplus  for  management  purpo- 
ses, and  the  use  of  a  popuhition  surplus  of  seals 
as  a  resource.  Before  granting  licences,  the 
appropriate  Minister  will  receive  advice  from 
a  group  on  which  seal  biologists,  conservation 
and  fisher)  interests  are  represented. 

The  Act  also  regulates  kiUing  methods. 
The  use  of  poison  for  killing  seals  is  forbidden 
except  under  licence,  which  may  not  be  grant- 
ed for  the  use  of  str\chnine.  Firearms  must  be 
rilles  lu'mg  ammunition  having  a  muzzle 
energy  of  not  less  than  600  foot-pounds  (83  kg 
m)  and  a  bullet  weighing  not  less  than  45 
grains  (2.9  g).  Licences  can  be  granted  to  use 
other  weapons  to  kill  seals  in  special  cases  and 
the  use  of  0.22  rifles  for  killing  pups  is  gener- 
ally permitted  under  licence. 

The  Acl  provides  the  necessarv  legal 
foundation  to  protect  seals  while  al  the  same 
time  allowing  their  numbers  to  be  controlled 

shcnild  thev  locallv  endanger  fisheries,  or 
increase  to  such  a  point  that  harm  is  caused  to 
the  environment  Should  the  stock  of  seals  be 


large  enough  to  warrant  it  licences  can  be 
granted  to  hunters  to  make  use  of  traditional 
resources  on  a  sustainable  yield  basis  without 
harming  stocks. 

In  northern  Ireland  grey  seals  were 
protected  by  the  Grey  Seals  (Protection)  Act, 
1914,  which  expired  in  1918.  It  appears,  there- 
fore, that  neither  species  of  seal  is  protected 
in  northern  Ireland.  There  is  no  legislation  af- 
fecting seals  in  the  Isle  of  Man,  or  the  Channel 
Islanck.  In  the  Irish  Republic  seals  of  all  spe- 
cies are  comprehensively  protected  under  the 
Wildlife  .Act  1976  though  licences  may  be  is- 
sued to  permit  the  capturing  or  killing  of  seals 
for  educational,  scientiflc  or  other  specified 
purposes.  It  is  possible  under  the  Act  to  allow 
Steps  to  be  taken  to  stop  seal  damage  to  fish- 
eries. The  Act  further  restricts  the  sale  of 
seals  or  seal-skins  to  licensed  wildlife  dealers, 
a  valuable  provision  which  is  absent  from  the 
UK  Acl. 


Conclusions 


Basic  population  estimates  of  the  main 
seal  assemblies  have  been  made  and  changes 
are  monitored.  Grey  seals  in  the  UK  have 
increased  and  comnum  seals  may  be  declining. 
Further  information  is  required  on  the  status 
of  grey  seals  in  Shetland,  and  of  common  seals 
on  the  west  coast  <^  Scotland.  An  adequate 
life-table  for  common  seals  is  lacking,  but  it  is 
difficult  to  t)btain  a  sufficicntiv  large  scries  of 
specimens,  i  urther  work  on  the  feeding  range 
of  seals  is  needed. 

It  is  hciped  thai  cirganised  research  on 
the  status  of  seals  in  Northern  Ireland  and  the 
Irish  Republic  will  begin  shortly. 
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THE  HARP  SEAL,  PAGO  PHI  LUS  GROEISILAi\DlCUS 


K.  RoNAiA  PJ.  Healev  and  RD.  Fisher 


Ahslraci 

The  harp  seal  {Pagophiba gromhndicus)  is  distnbuied  across  the  northern  Atlantic  anU 
Arctic  Seas  from  Sevemaya  Zemlya  to  the  eastern  Canadian  Ardiipclago  in  3  mainly  distinct 

populations:  each  undcrtake^  a  miui.ition  m  the  late  spring  to  northern  are<l^  lo  feed,  and  a 
m^ntioa  southward  in  the  winter  tu  a  distinct  breeding  and  moulting  ground  on  the  sea  ice. 
Seals  reprodudng  in  the  White  Sea  spend  the  summer  near  the  ice  edge  in  die  Barents  and 

Kara  Seas:  the  Greenland  Sea  population  breeds  in  waters  around  Jan  Maycn  and  migrates 
north  tu  feeding  grounds  between  Spitsbergen  and  Greenland;  and  the  northwest  Atlantic 
population  breeds  in  the  Gulf  of  St.  Lawrence  and  ofT  the  southeast  coast  of  Labrador,  and 
spends  the  summer  from  western  Greenland  to  Hudson  Bay.  The  populations  arc  estimated  to 
number  600  (XW.  100  000  and  less  than  I  000  000.  respectively.  External  characteristics  and 
coloration  are  summarized  and  some  disiuiguLshmg  skull  and  dentition  characters  are  given. 
Adult  male  and  female  harp  seals  reach  average  lengths  and  wdghLs  of  IK3  cm  and  I3S  kg. 
and  179  cm  and  1 19  7  kii.  respectivelv;  newborns  avcracc  iO'^  em  imi  1 1  S  Kl"  Xlio  at  sexual 
maturity  for  females  varies  in  each  population  with  a  mean  peihaps  near  age  5:  males  are 
reported  to  be  sexually  mature  at  age  8.  Seals  may  live  for  over  30  years.  Whelping  occurs  at 
different  limes  in  each  ptipulation.  anil  in  the  2  breeding  croups  in  the  northwest  Atlantic,  but 
generally  is  from  late  February  to  early  March.  Mating  lakes  place  about  2  weeks  after  this, 
followed  hy  the  formation  of  moulting  groups  daring  April.  Gestation  proper  lasts  about  7.5 

months  following  an  11 -week  period  ofdelaNet!  iiiiphinlation 

The  visceral  anatomy  is  described  and  some  organ  weights  and  dimensions  are  given  for 
both  young  and  adult  specimens.  Only  general  anatomic  descriptions  of  the  central  nervous 
system  of  phvTcid  seals  are  available  and  there  e\  en  less  information  for  harp  seals,  in 
particular.  Complex  morphological  and  physiological  adaptations,  especially  manifest  in  the 
circulatory  system,  allow  this  species  to  make  prolonged  dives  to  great  depths  m  search  of  food. 
Blood  values  are  discussed  Vision  is  the  harp  .seal's  primarv  source  of  sensorv  information: 
adaptations  in  the  eye  characteristic  of  those  needed  for  nocturnal  as  well  as  daylight  vision 
allow  excellent  visual  sensitivity  in  both  air  and  water.  The  anatomy  of  the  harp  seal  ear  is 

simihir  in  sonu-  ua\s  to  that  of  cetaceans  as  well  as  terrestrial  mammals:  although  il  seems 
adapted  tu  hcanng  underwater,  it  is  probably  of  little  uae  in  echolocation.  A  total  of  15 
tmderwater  sounds  have  been  recorded  and  analysed. 

Aduli  li  irp  seals  have  a  varied  diet  consisting  mainly  of  pelai'ic  fish  and  pelai'ic  and 
benthic  crustaceans.  Annual  consumption  of  food  by  the  northwest  Atlantic  population  has 
been  estimated  at  2  000000  t;  comparison  of  this  figure  with  the  annual  increment  of  the 
population  indicates  i  low  ecological  cfficiencv  General  maintenance,  diet  requirements  and 
physiological  problems  and  treatment  in  capuvity,  are  summarized.  Contracaecum  gadi  is  the 
most  common  of  the  haip  seal's  parasites;  the  species  is  also  the  host  of  preference  for  the  cod 
w  orm  ( TcrnuKmi  decipiens)  and  is  the  most  important  pinniped  vector  of  this  nematode  in  the 
Gulf  of  St.  Lawrence.  267 
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Lephoquedu  Grocniand,  Pagophilux  ^menlandicus,  friquente  rAtlantiquc  nord  cl  Ics 
mers  aictiques  de  Severnaya  Zemlya  a  Tarchipel  oriental  du  Canada.  On  cumpte  trois 
populations  4  peu  pris  compldtement  s^paries.  qui  se  d^placent k  la  fln  du  pnnicmps  vers des 
latitudes  septcntrionales  pour  se  nourrir  el.  en  hivcr.  vers  dcs  zones  phis  au  sud  pouratteindre 
un  terrain  separe  oil  dies  se  reproduisent  et  muent  sur  Ics  places  marines.  I.es  phoqucs  qui  sc 
rcproduisent  en  nier  Blanche  passent  I'ete  a  la  limite  des  glaces  de  la  nier  de  Barents  et  de  la 
merde  Kara.  La  population  de  la  mer  du  Greenland  se  reproduil  dans  les  eaux  de  Hie  de  Jan 
Maven  et  gagne.  par  iino  miiration  vers  le  nord,  dcs  terrains  d'alimcnialion  cn(rc  !e  .Spil/hcra 
cl  Ic  Grocniand.  l.a  population  dc  rAtlantiquc  nord-oucst  sc  reproduil  dans  Ic  golle  du  Sainl- 
Laurenl  et  au  large  de  la  cote  sud-est  du  Labrador:  elle  passe  Viit  entre  le  Groenland 
occidental  et  la  baie  d'Hudson.  On  estime  la  taille  de  ces  populations,  respectivement.  A 
600  000,  100  000  cl  moms  d'un  million.  Les  auteurs  donncnt  dc^  indications  sur  Ics  caruclcns- 
tiques  et  la  coloration  extemes  ainsi  que  des  dilails  sur  le  crflne  et  la  dentition.  Cbez  Tadutte, 
la  longueur  et  le  poids  moyens  soni  de  183  cm  el  135  kg  ponr  k-  male  ct  dc  179  cm  cl  1 19,7  kg 
pour  la  femelle.  Pour  les  veaux  nouveauHlds,  les  chiiTres  mo)ens  s<.^nl  de  103  cm  el  1 1,8  kg. 
Chez  la  femeUe,  I'Age  de  la  maturity  sexuelle  varie  danschaquc  population,  la  moyenne  ftant 
pcut-ctrc  d'environ  5  ans,  Che?  le  male,  la  maturili sexuelle  surviendraii  a  S  ans  I  a  longeviti 
peut  depa^ser  30  ans.  Les  dates  de  parturition  difRient  dans  chaque  population  et  dans  les 
deux  groupes  de  reproducteurs  de  TAtlamique  nord-ouest  nuus  dies  se  situent  gto^lement 
en  lln  fcvner-dchui  mars.  L'accouplement  survient  environ  deux  semaines  plus  tard  ct  il  est 
suivi  par  la  formation  de  groupes  qui  muent  en  avriL  La  gestation  propremeni  dite  dure 
environ  sept  mois  et  demt,  apnte  une  pdriode  de  nidation  difTiMe  de  nnze  semaines. 

Les  auteurs  decrivent  ranatomie  interne  et  indiquent  le  p  !  la  dimension  de  certains 
organes  chez  les  Jeunes  et  les  adulte.s.  On  ne  posiiddc  que  dcs  donnccs  analomiques  g^nt^ralcs 
sur  le  sysl^me  nerveux  central  des  phocid^s  et  on  sail  moins  de  choses  encore  sur  le  phoque  du 
Greenland  en  particulier.  Des  adaptations  morphologiqiMS  et  physiologiques  complexes, 
sp6cialement  apparentes  dans  le  systdme  circulatoire.  permeltent  &  ces  animaux  de  plonger 
longuement  a  dc  grandcs  profondcurs  it  la  recherche  de  leur  nourriture.  Certains  caract^res 
hdmatologiques  sont  examines.  La  vision  est  la  source  primordiale  des  inftwmations  senso- 
rielles  chez  le  phoque  du  Greenland  LVcil  est  adapts  k  la  vision  nocturne  aussi  bien  qu'&  la 
grandc  lumiirc,  dc  sorte  que  Tacuitc  visuclle  est  excellente  dans  Pair  oomme  dans  Teau. 
L*analIHllie  de  Toreille  rappcllc  a  certains  (igards  oelle  dcs  cdtaccs  ct  ccllc  des  mammifiires 
terrcstrcs  Bien  quVlle  scmbic  adaptce  a  I'audilion  dans  I'cau.  elle  est  prohablcmcnt  dc  peu 
d  utilile  pour  Ic  rcperage  par  echo.  On  a  cnrcgislre  et  analyse  un  total  de  1 5  phonations  emises 
sous  Teau. 

Le  regime  alimentaire  de  I'adultc  est  varie:  il  se  compose  snrtout  dc  poissons  polasnqucs 
el  de  crustac^s  p^lagiques  et  benlhiques.  La  oon.sommation  annuclle  de  nourriiure  de  la 
population  de  TAtlantique  nord-ouest  a  iti  estimie  k  2  millions  de  tonnes.  La  comparaLson 
entre  ce  chifTre  et  raccroissemcm  pondi  ral  annuel  dc  la  population  indique  unc  faibic 
efficadti  6x)logique.  Les  auteurs  dunncnt  quelques  indications  sur  les  soins  k  donner  aux 
aninuiux  en  captivity,  les  besoins  alimentaires.  les  probKmcs  physiologiques  et  les  traitemenis 
i  appliqucr.  l  e  Cnntniraccuni  i^adi  est  le  parasite  le  plus  commun  che/  les  phoqucs  du 
Greenland;  ce  dernier  est  aussi  I'hoie  de  predilection  du  vers  de  la  moruc  (  Terrunova  deci- 
plens)  oomme  il  est  le  pins  important  vecteur  pinnipide  de  oe  ndmatode  dans  le  golfe  du 
Saint-Laurent 


La  foca  de  Groenlandia,  PagophUus  groenlandicus,  se  eneiR-nir a  en  cl  nortc  del  AtUn- 
268    tico  y  el  Mar  Artico,  desde  Severnaya  Zemlya  hasta  el  este  del  arcbipiilago  canadiense. 
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dhridida  en  tres  poblaciones  phncipales,  que  se  desplazan  a  nnalcs  dc  pnmavcra  hacia  cl  nurte, 
donde  se  alimentan  y  crecen,  y  en  inviemo  hacia  el  sur,  a  una  zona  bten  precisa  de  cria  y  muda 

en  los  hiclos  marinos:  I;is  t'oc.x'^  qtic  sc  roproiluccn  en  cl  Mar  Blancd  transcurrcn  cl  vcrano 
oerca  del  borde  de  los  hielus  cn  los  Mares  de  Barents  y  Kara,  la  poblacion  del  Mar  de 
Groenlandia  se  reproduce  en  las  aguas  que  rodean  a  Jan  Maycn  y  emigra  hacia  el  norte  para 
alimentarse  entre  Spit/hergen  y  Groenlandia.  y  la  poblacion  del  noroestc  del  Pacitlco  sc 
reproduce  en  el  Golfo  de  San  Lorenzo  y  Irenic  a  la  oosta  sudohenial  del  Labrador  y  transcurre 
et  venno  entre  d  oeste  die  GroenlandiB  y  la  Bahia  de  Hudson.  Sus  poMadones  se  estiman, 
respectivamente,  en  600000.  100000  y  menos  dc  un  mlllon  de  animales.  Se  presentan 
brevemente  sus  caracleristicas  extemas  y  el  color  de  su  pclaje  y  se  indican  algunos  aspecios 
caracteristicos  de  su  cr&neo  y  dentici6n.  La  talla  y  peso  medio  de  los  machos  y  hembras 
adultos  deestasfocas  son  respectivamente  183  cm  <.  I3>k^v  179  (.m  \  unos  119,7  kg;  los  recien 
nacidos  tienen  por  icrmino  medio  103  cm  v  pcsan  1  l.S  k-'  l  a  cdad  dc  madurez  sexual  dc  las 
hembras  varia  .segiin  la  poblaci6n.  con  una  media  que  quizas  se  encuentrc  proxima  a  los  cinco 
aflOS  de  cdud:  las  nolicias  cxisicnics  diccn  que  los  machos  alcanzan  la  madurez  sexual  a  los 
echo  anos.  [.a  longevidad  m.ixinia  supera  los  ^Oafios.  I, as  lechas  dc  alumbramicnlt>  dificrcn 
segiin  las  publaciunes,  incluidos  lus  dos  grupos  de  reproductores  del  norueste  del  Atlantico, 
pero  en  general  los  partos  se  producen  entre  finales  de  febrero  y  prindpios  de  mano.  La  o6pula 
licnc  lugar  unas  dos  scmanas  despu^s  del  parto,  tras  lo  ciia!  se  forman  grupos  dc  animales  cn 
muda  durante  el  mes  de  abril;  la  gcstacibn  prupiamentc  dicha  dura  unos  7,5  mescs,  tras  un 
periodo  de  retraso  de  implantad6n  de  1 1  semanas. 

Sc  describe  la  analomia  visceral  \  se  indican  los  pesos  v  dimensiones  de  algunos  organos 
de  ejemplares  Jovenes  y  adultos;  solo  se  dispone  de  descripciones  anatomicas  generates  del 
sistema  nervioso  centra)  de  los  f£ddos,  y  la  informaci^n  disponible  sobre  p.  gmenlantHcus,  en 
concreto.  es  aun  menor.  Su  complcja  capacitlad  cle  adapiacion  morfologica  y  lisiolotiica.  que 
se  manifiesta  especialmente  en  el  sistema  circulatorio,  permite  a  esta  especie  hacer  inmersio- 
ncs  prolongadas  a  grandes  proAindidades  en  busca  de  aUmentos.  Se  examinan  los  Indices 
sanguineos.  La  vision  es  la  fuente  prindpal  de  informaddn  sensorial  de  la  foca  de  Groenlan- 
dia: la  adaptaci6n  del  ojo  tanto  para  la  visi6n  noctuma  como  para  la  visi6n  con  luz  clara 
permite  una  excelentc  scnsibilidad  visual  lanio  cn  el  aire  como  en  el  agua.  La  anatomia  del 
oidode  la  foca  de  Groenlandia  esaniloga  en  algunos  aspectos  a  la  de  losceiaceosyala  dc  los 
mamifcros  (crrcsircs:  aunque  parcce  cstar  adapladu  a  la  audicitSn  bajo  el  agua,  probable- 
mentc  es  poco  ulil  para  la  oricntacion  por  ecos.  Se  ban  registrado  y  anali/ado  cn  total  15 
emisiones  de  sonidos  debajo  del  agua. 

I.a  alimentation  dc  las  foeas  dc  Groenlandia  aduUas  es  muv  variada  v  consiste  princi- 
palmenle  en  peccs  pelagicos  y  cruslaceos  pelagicos  y  benlonicos.  tl  consume  anual  de 
espedes  aptas  para  alimentad6n  de  la  pobladAn  dd  noioeste  del  Atlintico  se  ha  calculado  en 
dos  milloncs  dc  loncladas:  comparando  esta  cifra  con  el  aumenlo  anual  de  la  poblacion 
rcsulta  que  su  eficiencia  ecol6gica  es  baja.  Se  dan  datos  resumidus  .S4.>bre  su  manutencion 
generaU  neoesidades  alimenticias,  problemas  fisiol6gicos  y  tratamienio  en  cautividad.  El 
pardsito  mis  comiin  dc  la  foca  dc  Groenlandia  es  Contracaecum  ^ndi:  la  especie  es  tambidn 
uno  de  los  principales  hospedantes  del  parasito  del  bacalao  Terranova  decipiens  y  es,  entre  los 
pinnipedos,  el  vector  mis  importante  de  este  nematodo  en  d  Golfo  de  San  Lorenza 
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Genus  and  species 


The  harp  seal  was  first  named  Phoca 
eroenlandica  by  Fabricius  in  1776.  In  1777, 
however,  Erxleben  described  this  animal  and 

is  therefore  usually  credited  with  the  name. 

Pa^ophilus,  which  means  ice  lover  (from  the 
Greek  words  "pagos"  meaning  ice  and  "ph- 
ilos**  meaning  loving),  was  introduced  by  Gray 
in  1850  (Scheffer,  1958).  Other  scientific 
names  that  have  been  given  to  this  seal  include 
P.  oceanica,  Lepechin;  Callocephalus  oceani- 
cuSy  Lesson;  Phoca  similunaris,  Boddaert;  P. 
doneaa,  Pallas;  P.  mulleri.  Lesson;  Calloce- 
phalus grocnhuulicus.  F.  Cuvier:  Phnca  albi- 
cauda.  Desmarest;  P.  desmarestii.  Lesson;  P. 
pilayi.  Lesson  (Brown,  1868).  Recently  Pa- 
gophilus  was  reassigned  to  subgcncric  rank 
within  the  inclusive  genus  ^"Phoar  based  on 
the  decision  that  it,  along  with  Pusa,  Hisirio- 
phoca  and  Phoca  (sensu  stricto),  ladced  any 
unique  cranial  characters  that  allow  generic 
recognition  (Bums  and  Fay,  1970). 

The  harp  seal  has  also  been  given  many 
a)mmon  names  by  various  nationalities.  Sea- 
lers refer  to  the  newborn  pups  as  *'white- 
coats",  partly  moulted  pups  as  "ragged  ja- 
ckets", the  fully  moulted  pups  as  **bedlamers" 
and  the  adults  as  Greenland  seals,  harp,  saddle 
at  saddlebacks.  French  Canadian  names 
include  "phoque  du  Groenland".  "loup  marin 
de  glace",  "loup  mahn  coeur"  and  "brasseur" 
(Mansfield,  1967).  The  Eskimos  generally  call 
the  seal  "kairulik"  (Mansfield,  1967)orin  Pont 
Inlet  "neitke"  (Brown.  1868).  Other  names  are 
saddleback  (English),  "svartsida"  (Norwe- 
gian), "daelja",  "daevok"  and  "ainc"  (I  app), 
"svarlsiden"  (Danish),  "blaudruselur"  (Ice- 
landic) and  "atak**  (Greenland)  (Biown, 
1868). 

There  are  3  major  populations  of  harp 
seals,  each  with  its  own  distinct  breeding 
ground,  one  in  the  White  Sea.  one  in  the 
Greenland  Sea  north  of  Jan  Mayen  and  a  third 
utilizing  the  Gulf  of  St.  Lawrence  and  the  ice 
off  the  east  coast  of  Newfoundland.  Although 
there  are  no  obvious  morphological  diffe- 


rences between  them,  it  is  believed  that  the  3 
populations  rarely  mix  (Sergeant,  1973). 


External  characteristics  and  morphoiog> 


The  smoothly  tapcnng  body  of  the  harp 
seal  is  thick  and  round  in  the  thoracic  region. 
The  tail  is  short,  slightly  dorso-ventrally  flat- 
tened and  tapers  gradually  until  near  the  distal 
extremity.  Distatly,  the  limb  becomes  distinct 
only  from  the  tarsus.  The  flippers  are  com- 
posed of  Ave  digits  united  by  an  interdigital 
web  (TarasofT  «/..  1972).  Adult  males  have 
46.8  ±  0.29  labial  vibrissae  and  3.0  ±  0.88  eye 
vibrissae  (Shustov  and  lablokov,  1967). 


ColontiOB  and  integument 


As  the  harp  seal  grows  it  moults  (Ronald 
et  aL,  1970)  as  well  as  changing  its  coat  colour 
many  times,  and  there  is  even  variation  in  the 
coats  (^f"  full  grown  adults  (King,  1964).  The 
variable  aspects  are  the  darkness  of  the  general 
background,  the  darkness  of  the  dorsal  as 
compared  to  the  ventral  surface,  the  quantity 
of  spots,  their  dimensions  and  hue  and  the 
presence  of  the  harp  shape  (Smirnov,  1924). 

The  harp  seal  pups  are  bom  with  a  soft, 
curly  yellowish  coat,  stained  by  the  amniotic 
fluids.  This  turns  white  during  the  first  days 
probably  as  a  result  of  the  crystallization  of  the 
amniotic  fluids.  When  they  are  2  to  4  weeks  old 
the  white  coat  is  shed  to  reveal  a  short-haired 
coat  of  grey,  darker  dorsally,  lighter  on  the 
ventral  surface  and  marked  with  darker  grey 
and  black  spots  (King,  1964).  The  term  ragged 
jackets  is  used  for  pups  with  loose  white  hair. 
There  is  a  great  \  ariation  in  the  shade  of  the 
ground  colour  and  the  degree  of  spotting  but 
all  immatures  show  the  same  general  pattern 
(King,  1964).  The  dorsal  areas  and  upper  sides 
of  the  yearling  seals  begin  to  lighten  while  the 
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ventral  surface  darkens  causing  the  spots  to  be 
less  obvious.  The  general  background  of  the  2 
year  coal  is  light  ash  grey  and  the  spol-s  are 
much  paler  than  before  The  3  year  old  seals 
are  a  uniform  light  ash  grey  with  markings 
becoming  even  less  distinct.  The  4  year  olds  or 
young  adults  may  begin  to  show  the  mature 
adult  pattern  on  their  coats  although  this  does 
not  become  fully  developed,  especially  in  the 
females,  for  some  years  after  sexual  maturity 
(Smimov,  1924).  Some  males  as  they  approach 
maturitv  show  a  vers  dark  coloration.  This 
"sooty"  phase  is  usually  lost  at  the  next  moult. 
The  adult  male  harp  seal  is  usually  light  whi- 
tish grey  with  a  horse-shoe  shaped  black  band 
runninp  along  the  flanks  and  across  the  hack. 
Its  head,  to  just  behmd  the  eyes,  is  black.  I  he 
face  and  **harp**  of  the  adult  female  are  jmlet 
and  may  be  broken  into  spots  (King,  1964). 

The  harp  seal  hair  is  made  up  of  primarv 
guard  and  secondai^  hairs  (Tarasoff  et  ai, 
1972)  and  is  of  some  insulative  value  although 
the  blubber  plays  an  important  part  in  this 
function  (Frisch.  0ritsland  and  Krog,  1974). 
When  in  the  water  the  inner  part  of  the  woolly 
undcffur  retains  a  stagnant  layer  of  water,  2 
mm  thick,  while  a  barrier  of  14  or  IS  guard 
hairs  flattens  tightly  over  this  undcrfur  to  pro- 
vide some  insulation  (1  risch,  0ritsland  and 
Krog,  1974).  The  hau*  lengths  of  the  coat  de- 
crease from  the  midback  to  the  tarsus  to  the 
interdigital  web  (Tarasoff  «i  a/.,  1972). 


Table  I.    Ivengths  of  harp  seals  (cm)  (from  Smirnov,  1924) 


Mm. 

Max. 

Average 

White  coats 

97 

108 

103 

MauUing  pups 

90 

123 

110 

Yearlings 

126 

148 

131 

2  year  olds 

138 

ISS 

144 

3  \o,ir  olds 

ISS 

170 

160 

Adull  Icmales 

168 

m 

179 

Adult  males 

171 

190 

183 

Weights 


The  newborn  harp  seal  pups  weigh  on 
the  average  about  1 1.8  kg  at  birth  but  increase 
their  weight  rapidly  to  about  22.8  kg  within  4 
to  S  days.  Their  weight  continues  to  increase  at 
the  same  rapid  rate  to  a  maximum  of  33.3  kg  at 
weaning,  then  declines  to  an  average  of  27. 1  kg 
for  the  f^Uy  moulted  pups.  Adult  male  harp 
seals  average  135  kg  in  weight  and  females 
about  119  7  kg  (Sivcrtsen,  1941).  There  are 
circannial  weight  changes  in  all  age  groups, 
but  approximately  half  their  weight  is  in  the 
hair,  skin  and  blubber  (Ronald  and  Steward, 
unpubl.  MS). 


Dimensions 


Table  1  shows  the  mmmium,  maximum 
and  average  lengths  of  the  different  ages  of 
harp  seals  m  centimetres. 


100  X  maximal  girth 


Using  the  formula: 

springtime  fattening  .  . 

^  ®  total  length 

the  minimum,  maximum  and  average  values 
for  girth  apply.  These  are  shown  in  Table  2. 


Table  2.  Girth  orhaip  seals  (cm)  (from  Smiroov,  1924) 


Mtn. 

Max. 

Average 

White  coats 

67 

81 

75 

Moulting  pups 

77 

97 

85 

Yearlings 

6S 

74 

b-i 

2  year  olds 

63 

78 

69 

3  year  olds 

62 

75 

67 

Adult  Temales 

63 

71 

67 

Adult  males 

57 

73 

64 
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Distribution 


P.  groenlandicus  inhabits  (he  northern 
Atlantic  and  Arctic  Oceans  and  ranges  from 
northern  Russia  through  Spitsbergen  and  Jan 
Mayen  to  Greenland  then  southwards  to 
Newfoundland  and  north  and  east  into  Baffin 
Bay  and  Hudson  Bay.  it  is  f\>und  off  the  coasts 
of  Europe  and  Asia  from  Sevemaya  Zemlya 
and  Cape  Chelyuskin  to  northern  Norway, 
induding  the  Kara  Sea,  Novaya  Zemlya, 
Franz  Josef  Land,  the  White  Sea.  Spitsbergen 
and  Jan  Mayen  ,  as  well  as  on  all  the  coasts  of 
Greenland  except  the  extreme  north,  and  on 
Baffin  Island,  Southampton  Island,  Labrador, 
the  east  coast  of  Newfoundland  and  the  Gulf 
of  St.  Lawrence  (Kmg,  1964).  As  a  summer 
resident  in  the  Arctic,  it  migrates  as  far  north 
as  Jones  and  Lancaster  Sounds  and  Thule  in 
northwest  Greenland  (Mansfield,  1967)  The 
harp  .seal  is  not  normally  found  far  into  Hud- 
son Bay  and  rarely  visits  the  northern  coast  of 
Iceland.  Individuals  are  occasionally  reported 
from  Scotland  and  the  Shetland  Islands  and 
even  as  far  south  as  the  Bristol  Channel  and 
the  River  Teign  (King,  1964). 


Migration 


All  3  populations  of  harp  seals  migrate 
following  the  same  general  pattern  of  moving 
north  in  the  summer  and  coming  south  for 
breeding  in  the  winter  to  spring  (King.  1964). 
During  the  summer  the  Jan  Mayen  or  Green- 
land Sea  population  can  be  found  in  its  most 
ncMlherly  feeding  grounds  between  Spitsber- 
gen and  Greenland.  These  seals  move  south  to 
Jan  Mayen  in  the  winter  and  pupping  occurs 
on  the  ice  in  March.  When  the  ice  begins  to 
drift  south  the  adults  mate,  then  move  to  the 
ice  north  of  Jan  Maven  where  ihey  moult 
during  the  month  of  April.  By  mid-May  this 
herd  has  returned  to  the  northern  feeding 
grotmds  (King,  1964). 


The  White  Sea  population  spends  the 
summer  period  of  intensive  feeding  and 
growth  in  the  area  close  to  the  ice  edge  in  the 
Barents  and  Kara  Seas.  At  this  time,  groups 

are  found  at  west  Spitsbergen,  at  the  nc^rth  end 
of  Novaya  Zemlya,  among  the  many  islands  of 
Franz  Josef  Land  and  in  the  Straits  of  Sever- 
naya  Zemlya.  With  the  approach  of  the  cold 
weather  and  the  southward  advancement  of 
the  ice  border,  the  seals  travel  along  the  west 
and  east  coasts  oTNovaya  Zemlya  in  search  of 
food.  In  Janiuiiy  and  early  February  a  rapid 
migration  occurs  to  the  funnel  and  basin  of  the 
White  Sea  where  pupping  takes  place.  I  he  ice 
drift  transports  the  new  pups  to  the  Barents 
Sea  where  they  begin  to  feed  independently 
(Popov.  1966).  This  pa.ssive  migration  north- 
ward occurs  during  lactation  and  for  some 
time  after  weaning  and  brings  the  pups  to  the 
areas  of  rich  food  supply  by  April  (Popov. 
1970).  The  adults  moult  from  mid- April  to  late 
May,  then  migrate  north  out  of  the  White  Sea 
(King,  1964). 

During  the  summer,  the  northwest  At- 
lantic population  extends  from  Thule.  Green- 
land and  Jones  Sound  between  Devon  and 
Eilesmere  Islands,  south  to  northern  Labrador 
waters  and  from  Cape  Farewell  west  to  north- 
west and  southeast  Hudson  Ba\  (Sergeant, 
1965).  The  movement  .south  out  of  the  Cana- 
dian archipelago  begins  in  late  September  and 
early  October  and  by  early  November  large 
numbers  have  passed  Cape  Chidley  in  north- 
ern Labrador  (Mansfield.  1967).  to  reach  the 
Strait  of  Belle  Isle  in  late  December  (Ser- 
geant, 1965).  Only  the  adults  and  older  im- 
matures  are  involved  in  this  migration.  The 
remainder  of  the  immatures  move  later,  al- 
though some  stay  behind  in  west  Greenland 
waters  throughout  the  winter  (Mansfield, 
1967;  Sergeant.  1965).  In  Januarv,  part  of  the 
population  is  thought  to  pass  through  the 
Strait  of  Belle  Isle  into  the  Gulf  of  St.  Law- 
rence while  the  remainder  moves  down  the 
east  coast  of  Newfoundland.  Bv  late  February 
the  "Gulf  .seals  can  be  found  on  the  ice  to  the 
north  and  west  of  the  Magdalen  Islands,  while 
the  "Front"  seals  are  off  the  coast  of  Labrador 
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l  lti.  1.     Fainl  view  of 
IO-20-year-okl  harp  seal 
female  moving  up  ice 
slope  in  ihc  Gulf  of  St. 
Lawrence  (photograph: 
D.M.  Lavignc). 


from  Belle  Isle  to  Hamilton  Inlet  (Mansfield, 
1967).  These  2  groups  may  or  may  not  be  se- 
parate although  they  are  constant  and  distinct 
in  location,  numbers  and  breeding  date  (Ser- 
geant. 1965.  1973).  In  early  May.  after  breed- 
ing, the  moulting  adults  begin  to  leave  the 
Gulf  and  move  north  along  the  Labrador  coast 
(Mansfield.  1967).  The  northward  migration 


occurs  by  stages  as  a  series  of  active  northward 
movements  followed  bv  a  drift  southward  on 
pack  ice  (Sergeant,  1970).  This  migration  is 
defiected  by  ice  towards  the  open  water  coast 
of  west  Greenland  and  most  of  the  animals 
arrive  in  southwest  Greenland  around 
mid-June  (Mansfield,  1967).  After  weaning, 
the  young  harp  seal  pups  undergo  3  successive  273 


K.  RONALD,  PJ.  HEALEY  &  H.D.  FISHER 


f  "l<  i  2      Side  view  of 
Icmalc  harp  seal  about 
to  enter  lead  in  ice  of 
Ciulf  of  St.  Lawrence 
(photograph:  D.M. 

Lavigne). 


movemenLs:  an  active  move  away  from  the  ice 
where  they  were  bom  to  the  ice  edge  where 
they  can  begin  feeding,  a  passive  drift  with  the 
current  and  an  active  migration  northward. 
These  young  harp  seals  migrate  alone,  sepa- 
rately from  and  later  than  the  adults  and  im- 
matures  (Sergeant,  1965). 

The  northward  migration  of  the  harp 
seals  is  extremely  accurate,  which  is  especially 
remarkable  given  the  great  distance  that  is  co- 
vered. The  Gulf  of  St.  Lawrence  herd  migrates 
4  000  km  between  40"N.  at  its  most  southerly, 
and  70"N,  at  its  most  northerly  (Sergeant, 
1970).  There  is  some  understanding  of  how  the 
274    harp  seal  achieves  this  migration.  There  is 


evidence  that  the  seal's  eye  is  attuned  to  the 
blue  green  coloration  of  coastal  waters  (La- 
vigne and  Ronald,  1975);  it  is  also  thought 
possible  that  the  animal  may  orientate  into  the 
wind  (Sergeant,  1970)  or  perhaps  that  its  na- 
vigational capacity  is  innate  since  young  ani- 
mals find  their  wav  north  in  the  absence  of 
older  animals  who  have  travelled  the  route 
before,  and  since  lone  individuals  may  make 
crucial  decisions  involving  orientation  (Norris, 
1966):  or  the  animals  may  follow  the  tempe- 
rature profile  of  the  moving  ice  edge. 

Tagging  experiments  have  shown  that 
young  animals  occasionally  drift  to  other  pop- 
ulations. The  exchange  eastward  from  New- 
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foundiand  is  about  1  %  while  that  eastward 
from  Jan  Mayea  is  atwut  10  %.  No  westward 
exchange  has  been  observed  (Sergeant,  1973). 


Life  history 


Harp  seals  are  bom  in  late  February  and 

early  March.  At  2-4  weeks  of  age  th^  lose 

their  white  coat  and  enter  the  water  and  are 
deserted  by  their  mothers.  Alter  feeding  for 
4-6  weeks  at  the  ice  border  they  begin  a 
northward  migration  and  spend  the  summer 
feeding  (Serjieant.  1965).  Their  southward 
migration  begins  m  late  fall  when  they  return 
to  the  breeding  grounds.  Tagging  results  sug- 
gest that  immatures  return  with  great  consist- 
ence to  their  place  of  birth  (Sergeant.  1965). 
lmmuture.s  do  not  all  appear  Irom  the  north 
until  early  April,  at  which  time  th^  form 
moulting  patches  alonp  with  the  adult  males 
who  have  completed  niaiini'  (Allen.  1975). 
Sexual  maturity  occurs  at  around  5'/2  years  of 
age  in  females  (S^eant,  1966)  and  8  years  of 
age  in  males  (King.  1964).  In  late  Februarv  the 
temales  form  whelping  groups  on  the  ice  and 
give  birth  to  their  young  a  few  days  later. 
Breeding  occurs  in  late  March,  following 
which  the  adult  males  move  onto  (he  ice  to 
moult.  The  aduh  females  join  these  moulting 
groups  around  April  20  to  27.  Following  the 
moult  the  harp  seals  begin  their  northward 
nutTalion  again.  This  cvcle  of  migrating, 
whelping,  mating,  moultmg  and  migrating  oc- 
curs yearly  for  the  aduh  seals  until  Sieir  death 
in  their  twenties  or  at  the  most  thirties  (Fisher, 
1955). 


Population  dynamics 


The  numbers  of  seals  at  present  in  the  3 

populations  are  thought  to  approximate: 
White  Sea  600  000,  Greenland  Sea  or  West  Ice 


100  000,  a  drastic  drop  from  1  000  000  in  1956 
(Dorofeev,  1956)  -  and  Northwest  Atlantic 

approximately  1  million.  From  1924  to  1928 
the  White  Sea  population  was  composed  of 
20  %  sexually  mature  males,  20  %  sexually 
mature  females,  40%  male  and  female  im- 
matures and  20  %  pups  less  than  1  year  old 
(Dorofeev,  1939a).  During  periods  of  heavy 
exploitation  by  man  the  harp  seal  populations 
show  a  compensatory  increase  in  growth  and 
maturation  rates  (Sergeant,  1973b).  In  order  to 
ensure  that  the  populations  do  not  diminish, 
lurther  catch  quotas  have  been  determined 
which  the  sealers  must  adhere  to.  The  maxi- 
mum sustainable  yield  (MSY)  of  white-coat 
pups  is  determined  as  a  percentage  of  the  an- 
nual production  of  pups  within  the  herd.  The 
1974  production  in  the  western  North  Atlantic 
was  267  000  pups.  The  MSY  was  believed  to 
be  137  000  (Ronald,  Capstick  and  Shortt. 
1973).  Unfortunately,  accurate  figures  of  cen- 
susing  are  only  now  being  obtamed  by  new 
techniques  (Lavigne  and  0ritsland.  1974:  La- 
vigne  ef  al..  1974:  Lavigne  et  al.,  1976);  this 
ultraviolet  censusing  technique  will  offer  an 
absolute  figure  for  management  strategies. 


Anatomical  characteristics 


Skull,  Skeleton  and  Teeth 

In  the  harp  seal  skull  the  nasals  are  long 
and  narrow  and  taper  gradually  from  the 
anterior  to  the  posterior  end.  The  posterior 
margin  of  the  palate  is  round  and  the  posterior 
palatine  foramina  lie  in  or  anterior  to  the  ma- 
xilla palatine  suture  (Doutt,  1942).  The  Ibl- 
lowing  are  maximum,  minimum  and  average 
measurements  respectively  in  mm  for  different 
aspects  of  the  skull:  total  length  -  221,  190 
and  204;  width  across  the  mastoids  -  123.6, 
107.5  and  114.6;  mterorbital  width  -  20.0, 8.3 
and  11.7;  length  of  the  nasals  -  52.6.  35.?>  and 
42.1:  width  of  the  nasals  at  the  tip  19.2.  14.6 
and  16.6  (Doutt,  1942).  The  skulls  of  the  adult  275 
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Greenland  harp  seal  are  described  as  being 
comparalively  light,  thin  boned  and  smooth 
with  die  rostral  part  more  shortened  and  the 
breadth  at  the  auditory  bullae  on  average 
being  54.7  %  of  the  condylohasal  length.  The 
White  Sea  seal  skulls  are  heavy,  strong,  and 
relatively  thidc  boned  with  more  oonspiciioiis 
crests.  The  rostral  part  is  more  elongated  with 
the  breadth  at  the  auditorv  bullae  an  average 
of  5 1.6  %  of  the  condylobasal  length  (Smimov, 
1924). 

The  vertebral  formula  of  P.  groenlandi- 
cus  is  7  cervical,  15  dorsal,  6  lumbar,  4  sacral 
and  13  caudal  segments  (Murie,  1870). 

Harp  seals  are  bom  with  milk  teeth 
which  are  separated  from  the  jaw  bones  and 
are  loose  in  the  soft  tissues  of  the  gum,  but 
never  erupt.  Sometimes  the  pups  have  molars 
at  iMTth.  The  eruption  of  teeth  b^|ns  imme- 
diately, in  the  order  of  molars,  canines,  pre- 
molars and  incisors  and  the  formation  is  verv 
nearly  complete  by  the  time  the  seal  begins  to 
feed  independently  (Beloborodov,  1975).  In 
the  adult  harp  seal  the  teeth  are  comparatively 
small  with  the  third  molariform  tooth  the  larg- 
est. There  is  1  large  central  and  1  small 
posterior  cusp.  The  anterior  end  of  each  ramus 
of  the  man  dible  is  narrow  and  pointed  and 
slopes  backward  to  the  lower  margin  of  the 
ramus.  The  coronoid  is  long,  slender  and 
pointed.  The  mandibular  teeth  are  small  with 
1  large  central,  2  small  posterior  and  1  small 
anterior  cusp  (Doutt.  1942).  The  dental  ormula 
of  P.  groenlandicus  is  i  3/2,  c  1/1,  pc  5/5 
(King.  1964). 


Visceral  anatomy  and  organ 

WEIGHTS 

The  following  is  a  description  of  the  inter- 
nal anatomy  of  a  young  male  harp  seal,  1.295 
m  long  and  weighing  18.6  kg.  Its  front  flipper 
was  19  cm  lonj:.  hind  flipper  26.6  cm  long.  The 
viscera,  including  the  tongue,  weighed  2.325 
kg,  the  brain  230.34  g.  The  heart  had  a  well- 
defined  bifid  extremiQr  with  the  deft  almost 


1.2  cm  deep.  Its  long  diameter  (root  to  apex) 
was  7.6  cm  and  its  transverse  diameter  near  the 
base  was  9.5  cm.  The  right  limg  was  without 
divisionary  lobules  while  the  left  lung  was 
partially  divided  into  2  lobes.  Numerous  and 
small  dorsal  papillae  covered  the  terminally 
split  tongue.  The  oesophagus  was  40  cm  k>ng 
and  the  capacious  stomach  was  cylindroid 
with  a  sharp  pyloric  bend,  its  Ions:  diameter 
being  23  cm.  The  small  mtestine  from  the  py- 
lorus to  the  caecum  was  12.63  m  long  with  an 
average  diameter  of  1 .2  cm.  The  large  intestine 
was  5.50  m  long  with  a  diameter  of  1.9  cm  at 
the  caecal  end  and  1  of  3.1  cm  at  the  rectum. 
The  liver  was  deeply  divided  into  7  lobes;  5 
large  elongate  taper-pointed  hepatic  divisions 
and  2  lobules.  The  kidneys  were  compound 
(Murie,  1870). 

The  lungs  of  the  adult  harp  seal  are  oval 
in  outline  and  correspond  closefy  to  the  shape 
of  the  thoracic  cage.  F.ach  compact  lung  has  3 
lobes  and  they  are  topographically  similar  al- 
though the  left  lung  is  me  lai^  and  heavier 
(Tarasoff  and  Kooyman,  1973).  The  harp  seal 
heart  is  dorso-ventrallv  flattened  and  has  a 
blunt  rounded  apex.  The  midsagittal  hne  Ues 
midway  between  the  axis  of  the  2  carotid 
arteries.  The  interior  of  the  right  ventricle  fol- 
lows the  basic  mammalian  pattern.  The  config- 
uration of  the  left  ventricle,  aorta  and  aortic 
valves  is  similar  to  that  of  terrestrial  mammals. 
However,  in  the  seal  the  valves  are  right,  left 
and  ventral  in  position  rather  than  right,  left 
and  dorsal  as  in  domestic  animals  (de  Kleer, 
1972).  MacroscopicaUy  the  harp  seal  kidney 
ccmftHms  to  that  of  other  pinnipeds,  being 
composed  of  many  renuli  which  are  similar  to 
unilobar  kidneys.  The  respective  length,  width 
and  depth  of  me  pup  kidneys  (ui  centimetres) 
are.  respectively:  7.6,  3.9  and  2.1,  and  the 
mean  number  of  renuli  is  136:  in  adults  there 
are  12.2, 6.2  and  2.8,  with  the  mean  number  of 
reniili  being  136  (Dragert,  Corey  and  Ronald, 
1975). 

The  number  of  cartilaginous  rings  in  the 
trachea  is  42.7  ±  0.47  (Shustov  and  lablokov, 
1967).  The  length  of  the  intestines  exceeds  the 
lengdi  of  the  body  by  as  much  as  10  (Murie, 
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1870)  to  13.6  times  (Shustov  and  lablokov, 
1967). 

Weights  of  adult  harp  seal  organs  are: 
heart  0.33  +  004  kg;  liver  2.35  ±  0.22  kg; 
spleen  0.60  ±  0.16  kg  (Shuslov  and  lablokov, 
1967).  The  ratio  of  the  total  lung  to  body 
weight  is  1.31  g/100  g  (TarasotT  and  Kooy- 
man.  1973).  Mean  weights  and  volumes  of 
kidneys  for  pups  are  49.6  g  and  47.3  ml  and  for 
adults  173.9  g  and  163.1  ml.  The  difference  in 
weight  and  volume  between  left  and  right 
adult  kidneys  is  less  than  1 1  %  (Dragert,  Corey 
and  Ronald,  1975). 


Central  nervous  system 
and  brain  weights 

Little  work  has  been  done  on  the  central 
nervous  system  and  brain  of  phocid  seals 
(Dykes,  1973)  and  less  still  on  harp  seals.  Some 
genoal  descriptions  of  anatomy  are  available 
however.  The  bony  tentorium  between  the  ce- 
rebrum and  the  cerebellum  is  well  developed 
and  the  brain  is  foreshortened  and  more 
spherical  and  convoluted  than  that  of  a  land 
carnivore  (Burne.  1909;  Langworthy.  Hesser 
and  Kolb,  1938).  The  histological  characteri- 
stics of  the  excito-motor  cortex  do  not  differ 
markedly  from  those  of  land  animals.  The  au- 
ditory and  trigeminal  senson,'  areas  are  large 
and  important  (Alderson,  Diamantopoulos 
and  Downman,  1960).  The  entire  trigeminal 
nuclear  complex  reaches  its  greatest  size 
among  carnivores  in  Phoca.  The  cerebellum 
and  pons  are  large  compared  with  other  car- 
nivores due  to  the  well  developed  parafloccu- 
lus  and  the  relatively  enlarged  flocciilo  nodu- 
lar lobe.  The  lobu's  simplex  and  ansiforni  lo- 
bule are  small  (Harrison  and  King,  1965).  The 
weight  of  the  adult  harp  seal  brain  is  about  442 
g  while  that  of  a  pup  is  around  243  g  (Sacher 
and  SlalTcklt.  1974).  The  anatomy  of  the  pi- 
tuitary gland  ot  /*.  groenlandicus  indicates  that 
this  ^and  is  similar  in  orientation  to  that  of 
other  types  of  mammals  such  as  the  ox  (Lea- 
therland  and  Ronald,  pers.  comm.). 


Diving  and  swimming 

Harp  seals  are  noted  for  their  ability  to 
dive  to  great  depths  and  stay  submerged  for 
long  periods  in  their  search  for  food.  The  mech- 
anisms that  allow  them  to  do  .so  are  very 
complex.  Harp  seal  skeletal  muscle,  in  its 
adaptation  for  diving,  is  primarily  geared  for 
utilization  of  carbohydrates  as  the  main  fuel 
for  muscular  energy.  The  2  most  active  loco- 
motor)' muscles  are  the  Ms  psoas  and  lon^^issi- 
mus  dorsi,  both  equipped  for  sustained  activity 
(George  and  Ronald,  1975).  During  a  10  to  18 
min.  dive  the  right  ventricle  of  the  heart  beco- 
mes strikingly  dilalcii  wilh  a  large  and  ^\slolic 
volume.  This  is  an  miportant  compensatory 
mechanism  in  the  maintenance  of  cardiac 
output  and  the  external  ventricular  perform- 
ance (Blix  and  Hoi.  1973)  When  freclv 
swimming  the  dive  duration  of  the  seal  ranges 
from  02  to  10  min.  and  averages  2.5  mm. 
(0ritsland  and  Ronald,  1975).  During  these 
spontaneous,  short  dives  its  heart  rate  drops  to 
41  %  of  its  surface  swimming  rate  of  147  beats 
per  minute.  There  is  a  level  of  bradycardia  as- 
sociated with  sinus  arrythmia.  Many  short 
dives  show  an  anticipatory  bradycardia  oc- 
curring 2.5  to  7.5  sec.  before  submergence. 
With  trained  dives  there  is  a  more  profound 
hradvcardia  and  less  anticipation  (Casson  and 
Ronald.  1975).  Along  with  the  skeletal  muscle 
and  the  heart,  the  circulatory  system  also  un- 
dergoes dianges  during  a  dive.  When  a  harp 
sealdives  the  blood  flow  in  most  of  the  veins, 
draining  capillary  beds,  drops  to  virtuailv  zero 
indicating  a  complete  ischemia  ol  many  tissues 
(McCarter,  1973).  This  striking  central  distri- 
bution of  the  blood  from  the  peripheral  to  the 
central  capacitance  vessels  means  thai  ilie 
blood  How  in  the  posterior  venae  cavac  is 
greatly  reduced  (H0I,  Blix  and  Myhre,  1975). 

The  hepatic  sinus  expands  in  apparent 
response  to  an  influx  of  blood  from  the  splan- 
chic  reservoir.  Blood  is  removed  from  the  me- 
senteric veins  by  profound  venoconstriction. 
At  the  initiation  of  the  dive  the  caval  sphincter 
appears  to  contract  with  the  retained  blood  277 
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engorging  the  hepatic  sinus.  The  blood  flow 
leaving  the  brain  is  maintained  during  the 
dive,  fnerefore,  diuing  the  dive  of  a  baip  seal 
the  blood  is  rerouted  away  from  the  heart- 
brain  pattern  to  the  posterior  venae  cavae 
(McCarter,  1973). 

The  principal  means  of  propulsion  when 
swimming  is  a  sculling  action  of  the  flippers 
which  provide  alternate  power  strokes  as  they 
are  moved  from  side  to  side  with  only  1  flipper 
extended  at  a  time.  The  other  main  stroke  is 
with  the  flippers  pressed  together  beating  ra- 
pidK  in  ;i  hori/ontal  plane  The  forelimbs  are 
used  like  paddles  for  slow  lorward  propulsion. 
The  seal  uses  its  fore  and/or  hind  limbs  to 
maintain  its  position  during  inactive  periods  at 
the  surface,  when  it  adopts  2  main  positions: 
head  above  water  and  body  vertical,  or  prone, 
with  the  dorsal  parts  of  the  head  and  the  mid- 
back  exposed.  The  harp  seal  is  capable  of  re- 
latively high  speeds  for  short  periods  of  time  in 
the  water"(TarasotT  e(  al.,  1972).  Its  highest 
speeds  are  attained  when  it  is  swimming 
ventro-dorsally.  ■ 


Bdaviour 


and  their  prey  beneath  them  (F'ishcr.  unpubl. 
MS).  The  harp  seals  use  the  lar&e  channels  or 
leads  in  the  ice  to  readi  metr  breeding 
grounds,  penetrating  deep  into  the  ice  cover. 
These  leads  are  also  used  for  oKninting  the  ice 
and  so  determine  the  haul-out  sites,  though 
these  are  also  determined  by  the  surface  of  the  I 
ice  and  its  thickness.  Seals  prefer  rough,  hum-' 
mockv  ice  at  least  0.25  m  thick.  When  pupp- 
ing, females  tend  to  stay  close  to  a  lead  and 
near  animals  with  pups  of  the  same  age  (Do- ' 
rofeev,  1939).  The  females  appear  to  swim , 
near  their  pups,  visiting  them  al  intervals  to 
suckle.  The  greatest  number  of  females  are 
seen  hauled  out  on  the  ice  around  10:00  hrs 
and  between  12:00  and  15:00  hrs  (Terhune 
and  Ronald.  1976.  Terhune  and  Ronald. 
1977).  If  the  females  arc  disturbed  while  in  the 
water  they  do  not  defend  their  ^oung  but  go 
out  to  sea.  On  land  they  will  either  "freeze" 
like  the  pups,  defend  their  voung  vii-onnislv  or 
re-enter  the  water.  When  it  is  foggy  or  snowing 
the  females  tend  to  stay  in  the  water  but  on 
clear,  windless  days  they  like  to  bask  in  the 
sun  Feeding  occurs  twice  or  3  times  a  dav  after 
the  female  has  found  a  comfortable  place  for 
heiself  and  her  pup  (Popov,  1966). 


F,  groenlandicus  is  gregarious,  with  only 
the  veiy  old  males  living  alone  or  in  small 
groups.  It  spends  most  of  the  vear  at  sea  and  as 
well  as  being  an  agile  and  powerful  swimmer, 
it  can,  when  pressed,  also  move  quickly  over 
the  ice.  Its  land  movements  are  of  2  types: 
either  a  dragging  motion  using  the  claws  of  the 
front  fUppers  or  by  a  humping  motion.  Mig- 
rating haip  seals  are  veiy  active,  leaping  and 
cavorting  in  smaU  groups  and,  sometimes, 
when  near  the  surface,  swimming  on  their 
backs.  Southward  migrant  schools  in  January 
in  open  water  are  often  observed  swimming  om 
their  backs  while  close  in  to  shore,  where  pre- 
sumably th^  are  able  to  see  both  the  bottom 


■  upside  down. 


Feedhig  habits 


The  harp  seal  feeds  intensively  in  the 
winter  and  summer  but  eats  less  during  the 
spring  and  autumn  migrations  and  during 
spring  whelping  and  moult  (Mansfield.  1967; 
Sergeant,  1973a).  Individual  items  arc  eaten 
by  suction,  with  small  fish  taken  in  tail  first. 
The  pregnant  females  are  partly  segregated  -  in 
midwinter  in  the  best  feeding  grounds,  during 
and  immediately  following  lactation.  They 
tend  to  feed  on  decapods  during  these  periods. 
In  the  spring  all  age  classes  are  in  the  same 


^  Segregated  from  non-lacuiing  Tcmalcs  and  immature 
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FKi.  3.  -  Harp  seal  pup 
approximately  3  hours 
old  and  slill  attached  to 
placental  membranes. 
Note  the  amniotic  fluids 
are  crystallizing  on  the 
white  coated  pup's  hair 
(photograph:  K. 
Ronald). 


geographic  area  and  feeding  is  stratified  by 
size  of  organism  and  by  depth  (Sergeant, 
1973a).  The  weaned  young  first  feed  in  surface 
waters  (Sergeant,  1973a)  on  small  pelagic  crus- 
taceans such  as  the  euphausid  Thysanoessa, 
the  amphipod  Anonyx,  and  small  fish  such  as 
polar  cod  Boreogadus  (King,  1964).  At  the 


intermediate  depth,  immature  harp  seals  eat 
capelin  {Mallotus  villosus)  while  the  moulting 
adults  are  said  to  dive  to  depths  of  150-200  m 
to  feed  on  herring  (Clupea  harengus),  cod 
(Gadus  morhua)  and  other  groundfish.  Social 
beeding  in  pups,  which  may  vary  with  the  time 
of  day  (Lavigne  et  al.,  1975),  begins  at  the  age  279 
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of  I  year  as  ihev  shift  from  cfustaoeans  to  pc^ 
lagic  fish  (Sergeant,  1973a). 

The  diet  of  the  aduh  harp  seal  Is  varied, 
oolisisting  of  chiefly  pelagic  fish,  especially 

capelin.  and  pelagic  and  benthic  Crustacea 
(Euphausiacea,  Mysidacea,  Amphipoda,  De- 
capoda)  with  smaller  quantities  of  benthic  fish 
(Sergeant,  1973a).  The  stomach  of  a  seal  was 
found  to  contain  herring  (Clupeidae).  flatfish 
spp.  including  witch.  Glyptocephalus  cynoglos- 
sus  and  plaice,  Hippoglossoides  platessoides, 
redfish,  Sebastes  marinus,  and  the  poiychaete 
sea  mouse.  Aphrodite  linnaeus  (Myers.  1959). 

A  recent  study  showed  that  the  annual 
weight  of  food  items  eaten  by  the  Northwest 
Atlantic  population  of  harp  seals  were:  all  or- 
ganisms 2xlO*t:  capelin  0.5  x  10' t  and 
herring  2  X  10"  t.  Predalion  on  the  capeUn  of 
eastern  Canada  occurs  only  in  the  winter  when 
the  pack  ice  is  present  (Sergeant,  1973a).  The 
ecological  efficiencv  of  the  harp  seal,  which  is 
the  weight  of  the  annual  increment  of  the  pop- 
ulation over  the  weight  of  the  annual  food 
eaten,  has  been  said  lo  be  O.OOS,  a  low  figuie 
(Sergeant,  1973a).  Recently  Lavigne  ct  al.. 
(1976)  have  given  further  details  on  the  meta- 
bolic activities  of  this  species,  and  their  flgures 
can  be  used  to  indicate  that  the  harp  is  a  lim- 
ited (240  000 1)  feeder  in  waters  that  man 
fishes  (Ronald,  unpubl.  MS).  * 


Social  behaviour 


Mating  is  believed  to  occur  after  the 
pups  are  weaned,  which  is  about  2-3  weeks 
after  tiidr  birdi.  It  oocuis  on  the  ice  and  is 
often  preceded  by  fights  between  males  in 
which  they  use  their  teeth  and  flippers  (Popov, 
1966).  It  is  also  believed  that  copulation 
sometimes  takes  place  in  the  water  and  that 
courtship  involves  fighting  between  male  and 


*  Editor's  note.  Sec  "Pinniped  biocncrgclics",  by  La- 
vigne,  Biidanl,  Innci  and  fliittluid. 


female.  The  virgin  females  mate  first  followed 
by  the  whelped  females  (Popov.  1966).  Each 
male  is  believed  to  mate  with  1  (King,  1964)  or 
more  females  (Merdsoy  and  Curtsinger,  pers. 
comm.).  Harp  seals  are  at  times  vcrv  vocal,  the 
many  sounds  they  emit  probably  having  a  so- 
cial and  communicative  function  (Mehl,  Ro- 
nald and  Terhune,  1975;  Terhune  and  Ronald, 
1977) 

When  in  the  pack  ice,  seals  keep  natural 
openings  in  the  ice  free  to  be  used  as  exit  and 
breathing  holes.  These  holes  are  60  to  90  cm 

across  at  the  lop,  widening  towards  the  base  of 
the  ice.  Harp  scai.s,  unlike  Antarctic  seals,  use 
communal  breathing  holes,  with  as  many  as  40 
seals  in  a  pod  around  the  hole. 


Sound  pioductioD,  hearing  and  viston 


A  total  of  15  underwater  phonations 
have  been  recorded  for  the  harp  seal  and 
grouped  according  to  frequencies,  harmonic 
structure  and  duration.  They  include  sine 
waves,  whistles,  the  morse  call,  trills,  the  gull's 
cry,  chirps,  warbles,  dove  cooing,  the  frequen- 
cy shifting  key.  the  distressed  blackbird,  the 
passerine  call,  the  Tjok  sound,  grunts  and 
scjueaks  (most  common),  knoddng  sounds  and 
clicks  (Mohl,  Ronald  and  Terhune,  1975).  It  is 
only  during  whelping  and  breeding,  with 
heavy  concentrations  of  ammais  and  the  for- 
mation ofbreathing  and  access  holes,  that  these 
calls  are  produced.  No  .sounds  are  made  dur- 
ing  moult.  5  of  the  recorded  sounds  have  been 
confirmed  from  captive  harp  seals.  1  he  only 
air  call  recorded  from  aduh  seals  is  produced 
by  lactating  females  and  sometimes  by  dis- 
tressed captive  females  (Mohl.  Ronald  and 
Terhune,  1975),  and  captive  males.  It  is  similar 
to  an  "URRRH**  sound.  The  pups  cry  or  wail 
like  a  baby  and  this  sound  is  probably  used  as 
a  positive  clue  to  allow  the  mother  to  find  its 
young  on  the  ice  (Terhune  and  Ronald,  1970). 

Hearing  plays  an  imnortant  role  in  the 
harp  seal's  life  for  prey  location,  predator 
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avoidance  and  inter-animal  communication 
(Terhunc  and  Ronald,  1974),  but  is  probably 
of  little  use  in  echolocation  (Terhune  and  Ro- 
nald, 1976). 

The  anatomy  of  the  harp  seal  ear  is  sim- 
ilar in  some  ways  to  that  of  cetaceans  and  also 
fulfills  some  of  the  requirements  for  bone 
conduction  established  in  terrestrial  mam- 
mals. The  outer  ear  differs  from  that  of  land 
animals  in  the  loss  of  pinna  and  the  modifica- 
tions of  the  auricular  muscus  to  close  the 
meatus.  The  loss  of  pinna  is  an  adaptive 
modification  to  minimize  hydrodynamic  re- 
sistance and  is  also  for  effective  directional 
hearing.  Cavernous  tissue  and  large,  heavy 
ossicles  are  peculiarities  of  the  .seal's  middle 
ear.  These  may  be  attributed  to  the  seal's 
aquatic  life  or  they  may  contribute  to  the  ge- 
neral hearing  mechanism  in  the  animal.  The 
harp  seal  inner  ear  is  similar  in  anatomy  to  that 
of  other  mammals  (Ramprashad,  Corey  and 
Ronald,  1973). 

The  underwater  hearing  abilities  of  P. 
i^roenlandicus  are  similar  to  those  of  humans  in 
air  (Terhune  and  Ronald.  1974).  The  harp  seal 
freefield  underwater  audiogram,  measured 


from  0.76  to  100  kHz,  has  areas  of  increased 
sensitivity  at  2  and  22.9  kHz.  The  lowest  thre- 
shold is  -37  db//ibar  at  22.9  kHz.  Above  64 
kHz  the  threshold  increases  at  a  rate  of  40 
db/octave.  The  seal's  ear  is  adapted  to  hearing 
underwater  as  is  indicated  by  the  decrea.sc  of 
sensitivity  in  air  (Terhune  and  Ronald,  1972). 
The  harp  .seal  freefield  air  audiogram,  mea- 
sured from  1  to  32  kHz,  has  it  lowest  threshold 
at  4  kHz  at  a  level  of  29  db/0.0002  dynes/cm-. 
Thus  the  harp  seal's  hearing  in  air  is  irregular 
and  slightly  insensitive  with  the  air  audiogram 
being  generally  flat.  Critical  ratios  at  2  and  4 
kHz  are  10%  (Terhune  and  Ronald,  1971). 
The  harp  seal's  audiogram  is  similar  to  that  of 
other  phocids  (Terhune  and  Ronald,  1975). 

Because  seals  utilize  vision  as  a  primary 
source  of  sensory  information  their  eyes  must 
be  adapted  for  the  two  media  in  which  they 
function,  air  and  water.  They  must  also  be  able 
to  adjust  to  a  variety  of  light  conditions  from 
the  brightness  of  the  sunlit  snow  to  the  under- 
water dimness  (Lavigne  et  al.,  1976).  The  harp 
seal  has  large  eyes  with  a  sensitive  retina  and 
tapetum  (Nagy  and  Ronald,  1970)  and  a  wi- 
dely dilated  pupil.  These  characteristics  are 


I  k;.  4.     Group  of 
young  and  old  mature 
harp  seals  in  k-c  lead. 
Note  the  fifth  seal  from 
the  right  who  ls 
assuming  a  typical 
V  cnira!  dorsal 
swimming  p«>ation 
(photograph:  D.M. 
1  Jivignc). 
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typical  of  eves  adapted  for  nocturnal  vision 
suggesting  that  the  seal's  eyes  are  adapted  to 
dim  light  sensitivity  (Lavigne  and  Ronald, 
1972).  The  seal's  rod-dominated  retina  is  also 
adapted  for  increased  sensitivity  which  allows 
for  good  underwater  vision,  especially  at  night. 
The  presence  of  photoreceptors,  which  (mic- 
tion optimally  in  bright  light,  permits  effective 
vision  during  the  day  above  ground  (Lavigne, 
Bemholz  and  Ronald,  1977).  I  hus  the  harp 
seal  possesses  excellent  visual  sensitivity  in 
both  air  and  water  (Lavigne  and  Ronald, 
1972). 

Not  much  is  known  about  the  other 
senses  of  seals.  The  small  olfactory  lobes  of  the 
brain  and  the  reduced  ethmoturbinals  suggest 

that  the  sense  of  smell  is  not  very  acute.  Al- 
though taste  buds  are  defmitely  present  this 
sense  is  probably  not  very  subtle  as  these  ani- 
mab  swallow  their  food  whole.  Seals  vaiy  in 
their  awareness  of  touch  and  in  their  apparent 
likmg  of  physical  contact  (Harrison  and  King, 
1965).  There  is  some  evidence  for  the  use  of 
vibrissae  as  contact  and  receptor  sensors 
(Dykes,  1973). 


Captivity 


Whoi  capturing  harp  seals  the  pups  can 
be  quietened  by  placing  them  in  burlap  bags. 
The  adults  can  be  captured  in  nylon  nets  by 
cutting  off  access  to  the  breathing  holes.  They 
react  either  by  fighting  or  **fireezmg**  (Ronald 
etaL  1970). 

Young  seals  should  be  kept  in  a  small 
shallow  tank  with  a  dry  resting  area  for  the  first 
few  months.  Adults  should  be  kept  in  a  tank 
that  allows  adequate  swimming  space  -  a 
minimum  of  10  000  1  per  animal.  The  water, 
which  may  be  firesh  or  sea  water,  should  be 
temperature  controlled  to  1(K12''C,  and  either 
flow  through  the  tank  once  only  or,  if  recircu- 
lated, pass  through  a  gravel  or  sand  and  char- 
coal filter.  When  transferring  seals  it  is  advis- 
able to  put  them  in  an  empty  tank  which  is 


then  filled  slowly.  Routine  maintenance  of  the 
tank  consists  of  draining  it  once  a  week  and 
scrubbing  it  with  a  detergent  germicide.  When 
it  is  refilled  a  bcnzalkonium  chloride  solution 
should  he  added  in  a  concentration  of  10  ppm. 
Ammonia-nitrogen  tests  should  be  conducted 
weekly  to  determine  the  efficiency  of  the 
charcoal-gravel  filters.  To  prevent  the  seals' 
eyes  from  becoming  opaque,  sodium  chloride 
can  be  added  in  a  concentration  of  3  %.  The 
seals  should  be  exposed  to  the  salt  solution  for 
at  least  one  hour  before  diluting  the  salt  con- 
centration by  filling  the  tank  with  fresh  water. 
As  a  preventative  measure  the  seals  can  be 
vaccinated  against  erysipelas  bacteria,  1  ml  of 
vaccine,  given  intramuscularly,  for  pups  and  2 
ml  for  adults  (Ronald  et  a!..  1970). 

To  mark  the  seals  for  purposes  of  iden- 
tificaiion  cryolhermic  branding  with  Uquid 
nitrogen  can  be  used.  This  requires  a  4  to  5 
second  application  to  shaved  skin  (MacPher- 
son  and  Penner,  1967).  When  it  is  necessary  to 
restrain  the  seals  a  wheeled  V-shaped  trough 
lined  with  a  sponge  mattress  with  canvas  straps 
or  car  safetv  belts  can  he  used.  Moult  is  char- 
acterized by  the  sloughing  off  of  skin  as  well 
as  hair  and  causes  considerable  stress  in  cap- 
tivity. It  is  often  accompanied  by  anorexia, 
opacitv  of  the  eve,  lethargv  and  irritable  be- 
haviour. The  complete  moult  varies  with  the 
individual  from  10  to  90  days  (Ronald  et  al., 
1970).  It  has  been  found  advisable  not  to  stress 
the  animal  at  these  times  as  this  can  produce 
false  chemical  imbalance.* 

Seal  pups  have  difHculty  learning  to  eat 
in  captivity  and  often  have  to  be  force-fed. 
There  are  two  methods.  For  the  first  few 
weeks,  a  food  mixture  can  be  administered  by 
means  of  a  stomach  tube  connected  to  a  2  1 
plexiglass  syringe.  The  food  mixture,  which  is 
given  in  doses  of  0.5  1  twice  daily,  should 
consist  oi  homogenized  herring  Hour,  herring 
oil  and  tapwater  plus  cod  Uver  oil,  minerals 
and  vitamms  (Blix,  Iversen  and  Pasche,  1973). 


*  Editor's  note.  Abnormal  physiolugical  cunditiun  ol 
ionic  imbalance. 


Copyrighted  material 


THE  HARP  SEAL 


Fig.  5.  -  Aerial  view  of 
eariy  formation  of  harp 
seal  herd  on  ihc  kv  in 
ihcGulfofSi. 
Lawrence.  Piclua-  uken 
from  hcliwptcr  100  m 
aK>ve  the  ice 
(photogniph:  K. 
Ronald). 


The  second  method  consists  of  force-feeding 
small  pieces  of  herring  4  to  6  times  a  day.  After 
the  original  period  of  1  to  10  days  the  seals  will 
be  free  feeding.  The  herring  should  be  sup- 
plemented (Ronald  el  al.,  1970). 

Harp  seals  respond  to  quiet  handling 
and  will  soon  learn  to  take  larger  and  larger 


pieces  of  fish  on  their  own.  Throughout  cap- 
tivity the  diet  may  remain  mainly  herring  and 
later  occasionally  smelt  (Ronald  ei  ai.  1970). 
Only  the  best  quality  fish  fit  for  human  con- 
sumption should  be  used.  Adult  seals  may 
con.sume  4  ^  to  7  %  of  their  body  weight  daily 
(Geraci,  1975).  while  some  captive  seals  have  283 
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been  known  to  eat  up  to  10  %  of  their  body 
weight  per  day  (Ronald  et  al.,  1970).  They  can 
however  be  maintained  on  1.5  ^. 

Hyponatremia  occurs  in  captive  harp 
seals  and  they  need  dietary  salt  supplementa- 
tion. In  freshwater,  harp  seals  experience  pe- 
riods of  electrolyte  imbalance  characterized  by 
low  plasma  .sodium  concentrations.  They  can 
suffer  mild  to  severe  CNS  disturbance  and 
death.  The  cause  of  this  condition  is  insuffi- 
cient salt  intake  due  to  a  low-salt  diet  in  cap- 
tivity with  superimposed  physiologic  and  path- 
ologic stresses.  Hyponatremia  can  be  cor- 
rected with  daily  sodium  chloride  supplements 
of  3  gm/kg.  This  maintains  the  plasma  elec- 


trolytes in  normal  or  near  normal  condition 
(Geraci,  1972). 

Captive  harp  seals  which  are  maintained 
on  herring  and  smelt,  both  high  in  thiaminase, 
develop  thiamine  deficiencies.  If  the  diet  is 
known  to  contain  thiaminase.  thiamine  should 
be  supplemented.  The  feeding  of  a  wide  va- 
riety of  fish  species  will  help  to  avoid  or  dilute 
high  concentrations  of  thiaminase  which 
might  be  present  in  any  one  of  the  species 
(Geraci,  1974). 

It  is  often  necessary  to  anaesthetise  seals 
and  this  presents  problems  becau.se  of  their 
adaptations  for  aquatic  life.  Intravenous  or 
inhalation  general  anaesthesia  sometimes  re- 


FKi.6.  -  Adult  female 
harp  sea!  jaM  prior  lo 
parturition 
(phoK>graph:  D.M. 

Lavigne). 
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suits  in  respiraton'  arrest.  Thiopental  sodium 
administration  via  the  cxtra-dural  vein  is  a 
rapid  and  dependable  means  ot  mduction  but 
rapid  intttbatioii  and  oommencement  of  con- 
trolled ventilation  are  essential.  Halothane/ 
nitrous  oxide  induction  is  the  safest  and 
most  controllable  though  slow.  Halothane 
ccmcentrations  of  0.75  to  \3%  are  required 
(McDonnell,  1972).  Valium  may  also  be  used 
prior  to  general  anaesthetic  (Gallivan  and 
Ronald,  unpubl.  MS). 


Rqiroduction 


Gestation 

Gestation  begins  in  June  and  lasts  7.5 
months.  The  gap  between  this  time  and  mating 

which  occurs  in  March  is  accounted  for  by  an 
1 1  week  delay  in  the  implantation  of  the  bla- 
stocyst (King,  1964).  There  is  also  evidence 
that  the  pregnant  female  can  retain  the  foetus 
until  suitable  ice  is  available  in  February  or 
even  March  (Ronald,  unpubl.  MS). 


Mating 

The  seals  mate  about  2  weeks  after  par- 
turition (King,  1964).  It  is  only  at  &is  time,  in  a 
hunted  herd,  that  males  are  seen  in  any  num- 
ber on  the  iee  whereas  males  arc  commonly 
present  both  in  the  water  and  on  the  ice  in  a 
protected  herd. 

Maturity 

Sexual  maturity  in  females  or  time  of 

first  ovulation  occurs  between  4  and  7  years  of 
age  with  a  mean  age  calculated  as  4.0  years 
(Sergeant,  1973b)  and  5.5  years  (Sergeant, 
1964^.  They  bear  their  first  young  the  follow- 
ing  year  and  each  successive  year  until  thcv  arc 
at  least  16  (King,  1964)  and  possibly  until  they 


arc  30  years  old.  At  Guelph  3  captive  females 
have  reached  maturity  in  their  fifth  year.  In 
the  White  Sea  population  the  age  of  sexual 
maturity  for  females  is  3  to  5  years,  while  in  the 
Jan  Mayen  population  it  is  3  to  6  years  with  a 
mean  age  of  5  years.  When  a  population  ap- 

{)roaches  its  maximum,  sexual  maturity  is  de- 
ayed  and  the  fertility  of  older  females  is  pro- 
bably reduced.  The  10  year  old  female  seals 
dominate  in  whelping  (Sergeant,  1966).  Male 
harp  seals  are  sexually  mature  by  the  age  of  8 
(King,  1964).  They  are  however  sexually  active 
at  3  or  younger.  The  maximum  life  span  of  P. 
groenlandicus  is  over  30  (Fisher.  1955:  King. 
1964).  Both  sexes  are  sexually  active  m  their 
twenties  (Fisher,  1955). 


Breeding  season 

In  the  White  Sea,  pupping  takes  place 
from  the  end  of  January  to  the  beginning  of 
.April  but  most  of  the  voung  arc  born  betw  een 
February  20  and  March  5.  In  Jan  Mayen  the 
breeding  season  is  slightly  later.  After  2  weeks 
the  adults  mate,  then  move  away  to  moult 
(King,  1964).  In  the  Gulf,  pups  are  born  bet- 
ween February  25  and  March  10;  on  the 
"Front"  pupping  is  slightly  later. 


Birth 

The  pregnant  females  lie  on  the  ice  and 

the  pups  are  bom  within  1.5  and  2.5  metres  of 
one  another.  The  breeding  grounds  are  prefe- 
rably some  distance  from  the  margins  of  the 
large  ice  fields  in  rough,  hummocb^  ice  which 
gives  shelter  to  the  pups  (King,  1964).  The 
pups  are  mostly  bom  at  night  or  early  in  the 
morning. 

Lactation 

Suckling  lasts  10  to  12  days  during  which 

time  the  female  is  said  to  feed  very  little  (King, 
1964),  although  there  is  considerable  defeca-  285 
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Frci.  7.  -  Three  day  old 
whitccttat  on  (tic  hx. 
Ciulfof  Si.  Ijiwrcnce. 
M^ith  female  in  (he 
hatkgTDund 
(pholograph:  J.M. 
Tcrhune). 


lion  in  the  water  (Merdsoy  and  Curtsinger, 
pers.  comm.).  Harp  seal  milk  is  greyish-white, 
with  a  strong  fish-like  odour  and  the  consi- 
stent7  of  thick  cream.  It  is  composed  of  42.6  % 
fat,  10.4  %  protein,  45.3  %  water  and  0.8  %  ash 
(Sivertsen,  1941).  The  high  fat  content  assists 
the  rapid  growth  in  pups  during  lactation. 
Lacto.se  and  ash  contents  are  low  compared  to 
those  of  other  mammals.  About  27  %  by  vol- 
ume of  the  fatty  acid  content  of  harp  seal  milk 
consists  of  fatty  acids  of  chain  lengths  of  20  or 
more  and  about  69  %  of  the  total  fatty  acids 
had  one  or  more  double  bonds  (Cook  and 
Baker,  1969).  Both  the  fat  and  protein  contents 
decrease  during  suckling  to  a  minimum  on  the 


16th  day  postpartum,  while  the  fatty  acid 
composition  of  the  fat  follows  no  definite  pat- 
tern of  change  during  this  period  (Van  Horn 
and  Baker,  1971). 


Size  of  neonates 

The  whitecoat  seals  are  between  97  and 
108  cm  long  at  birth  (Smimov,  1924)  and 
weigh  an  average  of  1 1.8  kg  (Sivertsen,  1941). 
Little  of  this  weight  is  blubber.  At  parturition, 
harp  seal  pups  lack  subcutaneous  blubber,  the 
wettable,  infantile  fur  offers  poor  insulation 
and  behavioural  thermogenesis  is  not  promi- 
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nent.  In  order  for  them  to  survive  a  dramatic 
increase  in  heal  production  is  necessary.  Be- 
cause these  pups  possess  a  layer  of  brown 
adipose  tissue  at  birth  it  is  tiiought  that  non- 
shivering  thermogencsis  through  activated 
brown  adipose  tissue  may  help  guard  the  ani- 
mal from  the  cold  (Grav,  Blix  and  Pasche, 
1974;  Blix,  Iversen  and  Pasche,  1973).  The  first 
feeding  of  milk  is  an  important  factor  in  the 
survival  of  the  pup:  any  interference  with 
normal  hfe  at  this  lun^  could  cause  mortality. 


Diseases 


The  most  common  symptoms  of  illness 
observed  in  captive  harp  seals  are  those  of 
gastroenteritis.  This  consists  of  a  general  ma- 
laise with  ocular  opacity,  anorexia  and  lethar- 
gy followed  by  emesis  and  diarrhoea  (Ronald 
et  al.,  1970).  In  spite  of  a  daily  supplement  of 
100  mg  thiamine/ kg  food,  some  captive  seals 
still  show  signs  of  a  vitamin  B  deficiency  (Blix, 
Iversen  and  Pasche.  197."^).  The  symptoms  of 
this  are  shivcrini}.  anorexia  and  mcreasing  le- 
thargy (Ronald  ei  ai.,  1970).  I  his  condition  is 
invariably  reversed  within  two  days  of  an 
intramuscular  injection  of  a  vilamin  R  com- 
plex (12  mg  thiamine  chloride)  (Blix,  Iversen 
and  Pasche,  1973).  There  arc  individual  casfs 
of  captive  seals  developing  a  variety  of  illnes- 
ses. One  had  a  gastric  ulcer  involving  60  %  of 
the  pyloric  portion  of  the  stomach.  Another 
died  from  mipaired  thermoregulation  caused 
by  peritonitis  and  pleuritis  from  an  infection  of 
Pasieurella  muUocida.  PoUoencephalomalcia 
caused  another  death.  Sometimes  captive  ani- 
mals develop  dry  papules  on  their  llippers 
which  spread  until  the  entire  flipper  is  bare  of 
hair,  reddened  and  hot  to  touch  (Ronald  et  aiy 
1970).  Slaphvloccoccal  i^ranulonias  have  been 
known  to  cause  slun  lesions  in  harp  seals 
(Wilson  and  Long,  1970;  Ronald  el  al.,  1970). 
Infectious  diseases  caused  by  Aeromonas  are 
found  in  pinnipeds.  In  one  harp  seal,  aeromo- 
nads  in  the  spleen,  Uver  and  intestines  caused 


emaciation  and  inadequate  feeding.  Further 
examination  showed  very  little  content  m  the 
digestive  tract,  both  sides  of  the  heart  dilated 
and  the  lungs  oedematous  and  «nphysema- 
tous  (Dahle  and  Nordstoga,  1968).  ()ne  capti- 
ve P.  groenlamiicus  suddenly  developed  severe 
and  persistent  tetanies  and  was  given  1.2  g 
magnesium  sulphate  intramuscularly.  After 
one  more  injection  the  next  day  the  seal  reco- 
vered fully.  Convulsions  never  recurred  after  a 
daily  supplement  of  20  mg  magnesium  sul- 
phate per  kg  body  weight  was  added  to  its  diet 
(Blix,  Iversen  and  Pasche,  1973). 


Mood  values 


Haemoglobin   (Ronald,   Foster  and 

Johnson,  1969)  and  iron  values  (Vallyathan, 
Georec  and  RonaUi.  1969)  are,  respectively, 
2 1. 80^ ±  0.201  g/100  ml  blood  and 
55.94  ±  0.48  mg/100  ml  blood,  considerably 
higher  than  tho.se  of  other  mammals,  including 
man.  Levels  of  glucose.  169.4  i  2.27  mn/lOO 
ml  blood,  total  lipid,  854.4  ±  20.67  mg/ 100  ml 
blood,  and  total  cholesterol,  242.2  ±  4.36 
mg/100  ml  blood,  levels  are  also  high.  The 
levels  of  activity  of  the  3  en7\  mcs  in\(ilved  in 
carbohydrate  metabolism,  amylase,  aldolase 
and  lactic  dehydrogenase,  are  also  higher  than 
in  other  animals.  LDH  activity  is  particulariy 
high.  These  h](HKl  properties  reflect  the  pat- 
tern of  met  iholiL  adaptation  to  di\  ing  in  the 
tissues  of  liic  liarp  seal,  especially  in  Us  musc- 
les. The  low  lipase  (esterase)  activity  in  seal 
blood  indicates  that  fat  is  not  the  favoured 
metabolite  for  muscular  energy  (Vallyathan, 
George  and  Ronald,  1969). 

A  high  erythrocyte  number  in  March 
corresponds  to  the  natural  pupping  and 
breeding  periods.  This  count  is  depressed 
during  moult.  An  initial  increase  in  erythro- 
cyte number  occurs  with  devek^ment  A  leuco- 
cyte count  of  over  12  000  ceUs/min'  indicates 
an  abnormal  condition.  The  mean  cell  hae- 
moglobin concentration  of  the  harp  seal  is  287 
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unique,  averaging  47.42  %.  The  high  haemog- 
lobin level  enables  the  seal  to  cany  greater 
quantities  of  oxygen  than  tenestiial  spedes.  A 
pH  drop  in  January  coincides  with  the  south- 
ward migration  to  the  breeding  grounds  while 
a  maximum  in  March  coincides  with  pupping 
and  breeding.  Individuals  diow  a  lower  pH 
immediately  preceding  and  during  part  of  the 
moult.  Decreases  in  en,'throcytes,  haemoglo- 
bin and  haematocrit  occur  during  moult  (Ro- 
nald, Foster  and  Johnson,  1969).  Erythrocyte, 
haematocrit  and  haemoglobin  levels  are 
maintained  throughout  life  although  cell  vo- 
lume and  mean  cell  haemoglobin  increase 
with  age  (Ronald,  1970;  Geraa,  1971). 

The  f<^owing  values  for  mercury,  sele- 
nium and  a  number  of  biological  parameters 
in  blood  were  obtained  (Geraci,  1971;  Ronald, 
1975). 


Table  3.  Hood 


Units 


Pups  Adults 


Total  mcrcur\ 
Meihvl  mercur\  chloride 

CHjHgCI 
Selenium 
Red  cells 
Mean  cell  volume  (MCV) 
Haemalocrit  vol  % 
L^uciKvie  Ji(Tereiitial 

a)unts  '<  neutrophils 
Plasma  soiliiim  levels 
Plasma  chloride  levels 
Plasma  potassium  levels 
Blood  urea  nitrogen  (BUN) 
Lactic  dehydrogenase 
Serum  glutamic  pyruvic 

transaminase  (SGPT) 
Scrum  glulamie  oxalacetic 

transaminase  (SCOT) 
Serum  cholesterol 
Serum  protein 
Serum  alkaline  phosphatase 
Toul  bilinibin 


ppm. 

ppm 
ppm. 
roiiHXiO* 


mlq/l 
mEq  I 
mEq  I 
mg% 
I.U. 

I.U. 


mg% 

fu. 

mg% 


0.16 

0.20 
121 
5  16 
109.02 
56.7 


I52.'>7 
102  5  ~ 
3')  I 
34.95 
IS  1.29 


71.X() 
340.75 
6.49 
343 
0.34 


ai9 

0.13 
I  45 
4.(ih 
I2S.96 
59.5 


152  SI 
l(W  SI 
.\S2 
44.08 
118 


7.8!  38.82 


3^.3 
307.28 

7.53 
10.0 

0J8 


Cytogenetics 


The  chromosome  numbers  of  the  harp 
seal  are  2n  =  32.  Their  kaiyotypic  stability  is 
attributed  io  a  low  level  of  reproductioii  (late 
sexual  maturity  and  only  one  pup  per  year), 
good  mobility  and  an  environment  without 
delimited  niches.  Because  of  the  above  dia- 
racteristics,  spedation  caused  by  chromosal 
rearrai^einent  is  rare  (Arnason,  1972). 


Parasites 


The  commonest  of  the  harp  seal's 

parasites  is  the  nematode  Contracaecum  gadi 
which  is  a  normal  part  of  the  animal's  parasi- 
tofauna  (Ronald  et  aL^  1970).  Specimens 
of  Contracaecum  sp.  can  be  found  in  the 
oesophageal,  gastric  and  small  intestinal 
areas  of  the  alimentary  tract.  This  parasite  may 
cause  disease  In  the  foim  d  gastric  lesions 
(Wilson  and  Stodcdale,  1970).  Another  nema- 


tode  is  Terranova  decipiens  (=  Phocanema 
dccipiens  =  Porrocaecum  decipiens).  The 
gastio-intestinal  tract  is  a  site  for  the  infection 
of  nematodes  where  thev  become  firmly  at- 
tached to  the  intestinal  mucosa  (Montreuii  and 
Ronald,  1957).  T.  decipiens  also  occurs  in  the 
stomach.  Massive  infestaticms  of  these  nema- 
todes do  not  seem  to  affect  the  harp  seal's 
general  health.  After  the  seal's  death  some 
worms  escape  through  its  nostrils,  mouth  and 
rectum.  Infection  occurs  after  the  consump- 
tion of  fish  containing  the  larvae  which  are 
thought  to  reach  sexual  maturity  in  the  ani- 
mal's digestive  tract  (Myers,  I960).  Flatfish  are 
the  most  common  source  of  infection  of  T. 
decipiens  (Mvers,  1957a).  P.  ^rocnlctndicus 
plays  some  part  in  the  dissemination  of  the 
nematode,  T.  decipiens,  and  has  some  import- 
ance as  a  definitive  host  (Ronald,  Foster  and 
Johnson,  1969).  The  harp  seal  is  the  host  of 
preference  as  its  mlemal  temperature  is  ideal 
for  flie  development  of  the  parasite  (Ronald, 
19(»0).  The  harp  seal  is  mfective  for  the  4 
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months  it  spends  in  the  Gulf.  Its  relative  im- 
portance as  a  vector  in  the  Gulf  is  80.4  as 
compared  lo  the  harbour  seal  at  3.8  and  the 
grey  seal  at  15.8  (Mansfield  and  Sergeant, 
1965).  The  ascaroid  parasites,  Coniracaecunt 
osculatum  (Rudolphi,  1802)  and  Phncascaris 
sp.  are  also  found  in  the  harp  seal  (Myers, 
1957).  The  adult  worms  of  these  3  are  usually 
free  in  the  lumen  of  the  stomach  and  intestine 
but  are  sometimes  attached  to  the  mucosa 
(Myers,  1960).  Other  parasites  of  the  harp  seal 
are  the  Anasikmae,  Phocascaris  phoeae  (Ly- 


ster,  1940),  the  cestodes,  Diphyllobothrium 
lanceolatum,  D.  cordatum.  D.  schislochilos 
(King,  1964),  Anophryocephalus  anophyrs 
(Smith  and  ThrelfaU,  1973),  the  trematodes 
Orthosplanchmu  arcticus  (King,  1964)  and 
Pseudamphistomitm  tmncatum  (Delvamure, 
1955)  and  the  Acanlhocephala,  Corynosoma 
strumosum.  The  anopluians  Echinmhthirus 
groenlandk  us,  E.  phocae  (Kellogg  and  Ferris, 
1915)  and  E.  horridus  are  occasionally  found 
on  harp  seals  but  in  the  case  of  the  latter  not  on 
adults  (Rooald  et  ai,  1970). 
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AN  AERIAL  CENSUS  OF  WESTERN  ATLANTIC  HARP  SEALS 
(PAGOPHILUS  GROENLANDICUS) 
USING  ULTRAVIOLET  PHOTOGRAPHY 


DJVL  Lavigne,  S.  iNNESk  K.  Kalpakis  and  K.  Ronald 


Abstract 

Annual  harp  seal,  Pagophilus  ^roenlandicus,  production  in  March  1975  in  the  wc&tern 
North  Atlantic  was  estimated  by  an  aerial  census,  using  ultraviolet  photc^graphy  for  low 
ahiuiil;  iirpiiniz.  at  hclwccn  126 000  and  158  000  seals,  with  maximum  estimates  of  197  000 
and  258  UOO,  respectively.  Of  these,  approximately  one-third  are  thou^t  to  have  been  pro- 
duced in  the  Gulf  of  St.  Lawrence  and  two-thiids  on  the  Front  off  the  east  coast  of  New- 
foundland. Sampling  problems  associated  with  the  uneven  distribution  of  harp  seals  and  their 
pups  on  the  whelping  grounds  are  discussed,  and  the  census  results  are  compared  to  the 
preliminary  1975  sealing  statistics. 

The  above  estimation  suggests  that  western  North  Atlantic  harp  seals  have  continued  to 
decline  in  ;ibnn(i;incc  in  recent  vcars  to  between  6;^n  000  ;ind  ^90  (XK)  animals  in  1975.  The 
present  tread  in  annual  production  suggests  that  il  current  management  policie->  are  not 
changed,  production  will  continue  to  decline  and  the  population  will  be  severely  ttireatened 
before  the  end  of  this  century. 

Resume 

La  production  annuelle  de  phoques  du  Groenland,  Fagophilus  groenhindkus,  dans 
PAtlantique  ouest  a  titi  estimte  k  126 000-IS8  000  exemplaires  en  mars  1975  au  oours  d'un 

rccensement  adricn  ulilisanl  la  photographic  aux  rayons  ultraviolets  pour  un  echanlillonnage 
i  basse  altitude,  avcc  des  estimations  maximales  de  197  000  et  258  000,  respeclivement. 
Environ  un  tiers  de  la  production  se  situait  dans  le  golfe  du  Saint-Laurent  et  deux  tiers  sur  la 
fa(;ade  orientalc  dc  T  erri-  Neuve.  Les  auteurs  decrivenl  les  problemes  d'echantiilunnaiie  lies  a 
la  distribution  ui^galc  des  phoques  du  Groenland  ct  de  Icurs  veaux  sur  les  icrrums  dc 
parturition.  Les  r6su!tatsdurecensementsont  compares  aux  statistiques  pr^limmairesde  1975 
sur  la  chasse  aux  phoques. 

L'estimation  ci-dessus  donne  k  penser  que  les  stocks  de  P.  groenlandkus  du  secteur  ouest 
de  TAtlantique  nord  ont  oontinui  i  f1£chir  ces  demiires  annto.  pour  atteindre  un  niveau  de 
630  000  i  7SK) 000 en  1970.  La  tendance  actuelle  de  la  production  annuelle  permet  de  dire  que. 
si  les  politiques  actuelles  de  gestion  nc  sonl  pas  chang^cs,  la  production  oontinuera  i  flichir  et 
la  population  sera  gravement  menac^e  avant  la  fm  du  siecle. 

Extroeto 

Enunoensoa^reohecboen  maizode  1975,  con  fotografia  con  rayos  ullravioleta  para  el 
muestreo  a  poca  altura,  se  estim6  la  produoddn  anual  de  foca  de  Groenlandia  {PagophUus  295 
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groenlanciicus)  en  el  ocstc  del  Atlantic^  cntrc  126  000  y  158  000  animales.  con  estimaciones 
miximas  de  197  000  y  2S8  000,  respeciivamente.  Se  calcula  que,  dc  esc  niimcro,  un  tercio 
aproxfaMdamenie  piooede  del  GoHb  de  San  Lorenzo,  y  dos  tercios  de  la  cosia  oriental  de 
Terranova  Sc  cxaminan  los  prohlcmas  que  plantea  el  muestreo  dcbido  a  la  cicsigual  clisiri- 
bucion  de  estas  focasy  sus  cachorros  en  las  zonas  dc  cria,  y  sc  comparan  los  resuitados  de  los 
oenaos  oon  las  estadbticas  preKmtnares  de  caza  de  1975. 

Las  estimaciones  hcchas  sugicrcn  que  la  pt)blacit'>n  de  P.  ^menlandicus  del  noroesle  del 
AdAntioo  ha  seauido  disminuyeodo  en  los  Utimos  aAos,  descendiendo  en  1975  a  cifras  del 
orden  de  6300ob>790000  animales.  Extrapolando  la  trayectoria  actual  de  la  producci6n  se 
Uega  a  la  conclusi6n  de  que,  si  no  se  modiflcan  las  politicas  acluales  de  regulacion.  la 
(kroduccion  seguiii  disminuyendo  y  la  poblact6n  se  encontraii  gravemente  ameoazada  antes 
de  Hnales  de  este  siglo. 
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A  CENSUS  OF  WESTERN  ATLANTIC  HARP  SEALS 


IntrodiKtion 


Ultraviolet  phutography  has  been  intro- 
duced as  a  new  technique  for  detecting  certain 
white  animals,  including  the  whitecoated 
offspring  of  harp  seals  (Pagophilus  gmenlan- 
dicus)  against  a  white  background  of  ice  or 
snow  (Lavigne  and  0ritsland,  1974,  1974a). 
Extensive  field  experiments  conducted  in  the 
Gulf  of  St.  Lawrence  in  March  1974  suggested 
that  aerial  surveys  of  harp  seals  on  their 
whelping  grounds  (Lavigne  et  aL  1974)  using 
this  sensor  might  significantly  improve  popu- 
lation estimates,  and  spedficaUy  estimates  of 
annual  production. 

In  March  1975,  further  research  was 
conducted  on  whelping  harp  seals,  both  in  the 
Gulf  of  St.  Lawrence  and  on  the  Front,  off  the 
coast  of  Labrador.  The  primary  objective  was 
to  design  a  useful,  feasible  and  precise  sampl- 
ing tediniqne  for  routine  use  in  aerial  surveys 
of  harp  seals.  A  preliminary  outline  of  this 
research  has  been  prepared  (Lavigne  and  Ro- 
nald. 1975)  and  a  more  detailed  report  has 
been  produced  (Lavi^e  et  ai,  1975).  This 
paper  briefly  summarizes  only  those  results 
relevant  to  obtaining  the  best  available  esti- 
mate, from  our  aerial  survey  data,  for  produc- 
tion of  western  Atlantic  harp  seals  in  Match 
1975. 


MedMMls 


Four  experimental   remote  sensing 

flights  were  conducted.  2  over  the  whelping 
herd  in  the  Oulf  of  St.  Lawrence  west  of  the 
Magdalen  islands  on  10  and  17  March  1975, 
and  2  over  harp  seals  whelping  on  the  Front 
off  the  cast  coast  of  Newfoundland  on  1 1  and 
15  March  1975.  The  latter  group  was  divided 
into  a  northern  patch  and  a  smaller  southern 
patch.  Attempts  were  made  to  obtain  total  co- 
verage of  these  areas  by  flying  parallel  grid 
lines  over  the  herd  at  an  altitude  of  1  220  m 


(4  000  ft)  guided  by  an  inertial  navigation  sy- 
stem on  board  the  remote  sensing  aircraA.  A 
9  X  9  in  (23  X  23  cm)  aerial  survey  camera 
and  black  and  white  photography  (Kodak 
2402  aerial  film)  were  used,  since  ultraviolet 
photography  in  diis  laige  format  is  not  pre- 
sently avjaiUble.  Subsequent  sampling  was 
conducted  at  random  areas  over  the  herd  at  an 
altitude  of  305  m  (1  000  ft)  using  ultraviolet 
photography  in  70-mm  format  (Lavigne  and 
0ritsland,  1974).  The  rationale  was  that  the 
I  220-m  imagery  should  provide  a  second 
estimate  of  herd  area,  the  lirsi  being  made  by 
observers  in  the  field,  as  well  as  a  direct  count 
of  the  number  of  adult  seals  on  the  ice  at  the 
time  of  the  flight.  The  sample  obtained  with 
ultraviolet  photography  at  a  lower  altitude 
would  eive  numb^  of  adults  and  pups  which 
could  men  be  extrapolated  to  the  area  of  the 
herd.  The  estimate  of  adults  would  then  be 
compared  with  the  direct  count  of  adults  to 
evaluate  the  accuracy  of  the  sampling  techni- 
que. If  satisfactory,  the  samples  could  then  be 
used  to  estimate  the  numbers  of  white-coated 
pups  on  the  ice  (annual  production)  and,  in 
turn,  lead  to  a  direct  extrapolation  of  the 
number  of  breeding  females  in  the  population. 

The  data  obtained  from  the  1975  im- 
ageiy  were  analysed  usmg  a  variety  of  sampling 
techniques  (Lavigne  and  Ronald,  1975;  La- 
vigne et  alt  1975).  These  included  simple  ran- 
dom sampling  (Mendenhall.  Ott  and  Schaef- 
fer,  1971;  Som,  1973)  and  ratio  estimation 
(Snedecor  and  Cochran,  1967X  the  latter  ut- 
ilizing adult/pup  ratios  obtained  from  the 
30S-m  imagery. 


Results 


Analysis  of  the  imagerv  re\ealed  that 
total  coverage  at  I  220  m  was  not  obtained  for 
the  Front  herd  on  either  day.  Herd  area  de- 
terminations made  in  the  field  (T.  Curran, 
pers.  comm.:  Bergfledt,  1975)  were  thus  used 
in  calculations.  Replicate  coverage  of  Front  297 
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and  Gulf  herds  was  not  obtained,  primarily 
because  atmospheric  conditions  causing 
badcacattermg  rendered  some  of  the  ultraviof 
et  imagery  at  305  m  unusable.  Somewhat  for- 
tuitously, however,  satisfactory  single  covera- 
ge was  obtained  for  each  herd.  Our  calcula- 
tions are  thus  based  on  aerial  survey  data  ftom 
the  Gulf  of  St.  Lawrence  on  10  March,  appro- 
ximately 3  days  after  pupping  had  been  com- 
pleted; from  the  north  patch  on  the  Front  on 
11  Mardi  «^ien  pupping  was  about  80% 
completed  (T.  Curran.  pcrs  comm.);  and  from 
the  south  patch  on  15  March  again  when 
pupping  was  virtually  complete  (T.  Curran, 
pers.  comm.).  These  data  were  used  in  esti- 
mating annual  production  in  1975.  The  results 
of  estimates  obtained  using  ratio  estimation 
techniques,  and  considered  to  be  the  best  esti- 
mates available  from  our  data  (Lavigne  et  oLy 


1975)  are  summarized  in  Table  I  The  best 
estimate  for  annual  production  of  harp  seals  in 
the  western  Atlantic  in  March  1975  was 
125  958  with  37  %  of  these  being  bom  in  the 
Gulf  of  St.  Lawrence  west  of  the  Magdalen 
Islands.  The  upper  contidence  Umit  (p.  <  0.05) 
on  this  estimate  was  197  233.  These  calcula- 
tions (Table  1)  were  based  on  the  herd  area 
estimates  obtained  from  the  aerial  imagery 
from  the  Gulf  on  10  March,  from  the  mean 
herd  area  estimated  by  T.  Curran  (pers. 
comm.)  and  Bergflodt  (1975)  for  the  north 
patch  on  1 1  March,  and  from  the  single  esti- 
mate of  herd  area  for  the  south  patch  on  15 
March  (T.  Curran,  pers.  comm.). 

The  largest  estirn;itc  of  production  pro- 
vided by  our  data,  usmg  the  area  estimate  of 
Bergfledt  (1975)  for  the  north  patch  on  11 
March,  was  157  900  (Table  1). 


Fable  1.    Eatiinate  of  production  of  haqi  seals  (PagapklkmsfQtiitHdicm)  in  the  western  Atlantic  in  March  1975 
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If  the  larger  of  the  2  esliinates  ofheid  area  for  the  nonh  patch  on  Ihe  Front  on  1 1  March  (332  km^)  is  uMrd  in  calculalioit.  the 
mean  etumaie  of  total  pioduclion  becomes  IS7  900;  Ihe  maximum  estimate  of  piodnction  becomes  257  (01  (see  below). 
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Discussion 


Harp  seals  and  (heir  pups  are  distributed 
in  a  clumped  or  contiguous  manner  on  their 
whelping  grounds  (Lavigne  etaL^  1975).  This 
causes  certain  difficulties  when  conducting  an 
aerial  census,  since  there  are  large  areas  of  ice 
within  the  area  of  the  herd  which  are  devoid  of 
seats,  and  other  areas  wh^  the  seab  occur  in 
dense  concentrations.  Such  a  non-random 
distribution  is  quite  typical  for  gregarious 
species  (Woolf,  1968),  and  the  harp  seal  is 
gregarious  (Mansfield,  1967)  especially  during 
the  whelping  and  breeding  seasons.  In  addi- 
tion, habitat  heterogeneity  may  also  contribute 
to  such  distributions  of  animals  (Poole,  1974) 
and  this  undoubtedly  applies  to  the  harp  seal, 
which  may  activefyseek  out  certain  ice  condi- 
tions for  whelping,  and  which  tends  to  cong- 
regate along  the  edge  of  open  leads,  and 
around  breathing  holes  in  the  ice. 

The  problems  associated  with  sampling 
a  population  distributed  in  this  manner  bc- 
ca  me  readily  apparent  during  initial  calculations 
of  production  for  the  Gulf  of  St.  Lawrence 
(Lavigne  and  Ronald.  1975).  For  example,  in 
the  Gulf  of  St.  Lawrence  on  10  March  1975, 
35  418  adult  harp  seals  were  counted  on  the  ice 
at  the  time  of  the  flight  on  the  1  220-m  image- 
ry. This  provided  a  reference  for  extrapolations 
from  the  samples  obtained  at  305  m  using  ul- 
truvioiel  photography.  On  the  basis  of  a  simple 
random  sample  (Mendenhall,  Ott  and 
Scheaffer,  1971)  the  number  of  adults  on  the 
ice.  predicted  from  69  samples,  was  about 
38  000  or  withm  about  8  %  of  the  direct  count 
(Lavigne  and  Ronald,  197S).  However,  95  % 
confidence  limits  on  this  estimate  ranged  from 
12  727  to  63  934,  These  wide  confidence  limits 
are  due  to  the  large  variances  associated  with 
sampling  the  contiguous  distributions  of  seals 
on  the  ice  and  to  the  relatively  small  number  of 
samples  obtained.  It  has  been  shown  that  the 
means  become  normally  distributed  and  the 
variances  arc  greatly  reduced  simply  by 
increasing  the  sample  size  (Lavigne  and  Ro- 
nald, 1975). 


An  alternative  method  which  may  prove 
to  be  more  satisfactory  is  that  of  ratio  estima- 
tion (Snedecor  and  Cochran,  1967).  It  has  re- 
cently been  observed  that  adult/pup  ratios  in 
our  samples  are  rather  normally  distributed. 
This  means  that  smaller  sample  sizes  may  be 
used  to  obtain  precise  estimates  of  production 
as  Ions  as  an  accurate  estimate  of  the  total 
number  of  adults  on  the  ice,  such  as  that  pro- 
vided by  our  I  220  m  unagery,  is  available. 
Ratio  estimation  was  selected  as  the  appro- 
priate analysis  to  provide  our  best  estimate  of 
annual  production  of  western  Atlantic  harp 
seals  because  it  was  the  most  powerful  esti- 
mator. Estimates  from  the  Front  still  have 
wide  confidence  limits  (Table  I),  primarily 
because  of  the  small  number  of  samples  ob- 
tained at  305  m  (Lavigne  et  ai.,  1975).  This 
emphasizes  the  need  for  larger  samples  in  fut- 
ure aerial  surveys.  With  more  accurate  esti- 
mates of  herd  area,  a  relatively  minor  problem 
to  overcome,  it  would  appear  that  aerial  cen- 
susing, incorporating  ultra-violet  photography 
as  the  primarv  sensor  for  low  altitude  sampl- 
ing, may  provide  very  precise  estimates  of 
production  for  whelping  harp  seals,  overcom- 
mg  most  of  the  dilTiculties  encountered  in  the 
past  (Sergeant.  1975) 

The  estimated  number  of  harp  seals 
produced  in  the  western  Atlantic  in  March 
1975,  between  126  000  and  158  000,  is  consi- 
derably lower  than  recent  predictions  of  an- 
nual production  made  by  other  investigators. 
Using  Sergeant's  (1975)  suggestion  that  the 
population  other  than  young  is  between  4  to  5 
times  the  number  of  young  born,  it  follows  that 
the  number  of  harp  seals  in  the  western  At- 
lantic may  now  total  between  about  630000 
and  790  000  animals  The  distribution  of  37  % 
of  western  Atlantic  harp  seals  breeding;  in  the 
Gulf  and  63  %  on  the  Front  is  in  general  a- 
greement  with  the  1:2  ratio  observed  in  the 
past  (Sergeant,  1975) 

It  might  be  suggested  that  the  photogra- 
phic census  did  not  cover  all  the  whelping  harp 
seals  in  the  western  Atlantic.  However,  this  is 
not  considered  to  be  a  large  source  of  error  in 
our  estimates.  The  two  concentrated  patches  299 


Copyrighted  material 


D.M.  LAVIONE,  S.  1NNBS,  K.  KALPAKIS  *  K.  RONALD 


located  on  the  Front  by  Canadian  (T.  Curran, 
pers.  comm.)  and  Norwegian  (Bergfledt,  1975) 
observers,  and  Canadian  and  Norwegian  seal- 
ers, were  surveyed.  Harp  seals  in  the  Gulf  of 
St.  Lawrence  near  the  Magdalen  Islands  were 
located  in  one  concentrated  area  at  the  time  of 
our  surveys  and  were  thoroughly  covered  in 
our  census.  To  the  best  of  onrbiowledge,  only 
2  small  groups  of  seals  were  not  included  in 
our  coverage  or  our  estimates.  The  so-called 
Mecatina  patdi  comprising  some  3  000-4  000 
seals,  and  a  second  group  of  old  harps  and 
bedlamers  without  pups  were  located  by  T. 
Curran  (pers.  comm.).  Despite  many  searches 
by  various  experienced  observers  over  wide 
areas,  no  other  concentrations  of  wfadping 
harp  seals  were  reported  to  us. 

Subsequent  to  the  analysis  of  aerial  cen- 
sus data  and  the  preparation  of  a  report  (La- 
vigne  et  al.,  1975)  the  ]weliniinary  sealing  sta- 
tistics from  the  1975  hunt  were  obtained  (Fish- 
eries and  Marine  Service,  Environment  Can- 
ada, 1975  Seating  Statistics  (Preliminanr); 
Sogeant,  pers.  comm.).  In  total,  some  140  o29 
harp  seals  bom  in  the  western  Atlantic  in 
March  1975,  were  taken  by  Canadian  and 
Norwegian  sealers,  operating  primarily  on  the 
Front.  In  addition,  33  435  harp  seals  aged  I 
and  older  were  also  landed.  The  total  kill  for 
1975,  174064,  is  thus  hi^er  than  the  much 
publicned  limit  of  150  C60  seab,  because  of 
the  very  successful  hunt  by  landsmen  (53  240). 

The  catch  of  pups  thus  provided  a  mini- 
mum estimate  for  production  in  the  western 
Atlantic  in  1975  (140^9).  M  Norw^ian 
catches  occurred  on  the  Franl(51 618).AIdiou^ 
Canadian  Sealing  statistics  are  given  in  rela- 
tion to  the  place  of  origin  of  the  sealers,  and  do 
not  provide  detailed  information  on  where  the 
seals  were  killed,  it  would  appear  that  some 
7  550  pups  were  killed  in  the  Gulf  and  the 
remainder  (81  461)  on  the  Front.  This  implies 
that  133  079  pups  were  taken  on  the  Front 
Although  it  is  usually  assumed  that  pups  killed 
on  the  Front  were  bom  there,  the  possibility  of 
catching  Gulf  animals  as  beaters  on  the  Front 
or  at  rat  off  the  coast  of  Newfoundland  can- 
not be  ignored.  Since  this  only  involves  some 


38  750  animals,  and  lacking  data  to  support  or 
refute  this  hypothesis,  we  will  also  assume  that 
all  animals  taken  on  the  Front  were,  in  fact, 
produced  there. 

Our  best  estimate  of  pup  production  on 
the  Front  (79  685)  is  obviously  an  underesti- 
mate of  the  actual  production.  However,  if  the 
upper  confidence  limits  on  the  estimates  of 
production  for  the  north  and  south  patches  on 
the  Front  are  taken  as  maximum  estimates, 
production  on  the  Front  may  have  been  as 
high  as  145  775.  This  flgure  not  only  accounts 
for  the  number  of  pups  killed,  but  allows  for 
the  escapement  of  12  696  seals.  If  only 
Bergfladt's  (1975)  data  are  used  to  estimate  the 
area  of  the  north  patch  on  II  March  1975,  the 
estimate  of  production  on  the  Front  becomes 
1 1 1  600,  again  lower  than  the  kill.  However, 
maximum  production  may  have  been  as  high 
as  206  144  based  on  the  upper  confidence  li- 
mits for  each  patch,  and  this  allows  for  an 
escapement  of  as  many  as  73  065  seals  from 
the  Front  The  survey  results  are  thus  reason- 
able,  despite  the  admitted  shortcomings,  and 
still  represent  the  best  available  direct  estimate 
of  production  ever  obtained  from  an  aerial 
survey. 

Taking  the  upper  confidence  intervals  as 
maximum  estimates  of  production  for  each  of 
the  3  patches  -  the  north  and  south  patches 
on  the  Front,  and  the  1  patch  in  the  Gulf  - 
total  production  in  the  western  Atlantic  in 
March  1975  mav  have  been  as  high  as 
197  233-257  602  animals.  These  figures,  how- 
ever, represent  maximum  estimates.  In  real- 
ity production  probably  did  not  exceed 
200  000  and  may  have  been  considerably 
lower. 

The  results  from  the  Gulf  of  St.  Law- 
rence (46  300  ±5  158)  suggest  that  prob- 
lems of  sampling  harp  seal  whelping  patches 
can  be  overcome  m  the  future,  assuming  con- 
tinued support,  and  suitable  weather  and  ice 
conditions. 

Previous  estimates  of  annual  production 
are  summarized  in  Fig  1.  In  the  early  fifties 
Fisher  (1955)  estimateid  that  western  Atlantic 
stocks  of  haq)  seals  numbered  about  3.3  mil- 
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lion  animals  and  estimated  annual  production 
to  be  in  excess  of  600  000  animals.  Mansfield 

(1967)  estimated  that  between  1951  and  I960 
the  stocks  declined  from  more  than  3  million  to 
about  1.25  million  seals.  In  1970,  it  was  sug- 
gested that  western  Atlantic  harp  seals  num- 
bered about  2.5  million  (Mansfield,  1970)  al- 
though no  comment  was  made  on  the  appa- 
rent increase  in  numbers  during  the  sixties. 
Best  estimates  for  annual  produ^ion  during 
the  late  sixties  arc  between  270  000  (Sergeant, 
1975)  and  390  000  (Benjaminsen  and  0rits- 
land,  1975).  Most  recent  estimates  seem  to 
suggest  that  harp  seals  now  number  some  1.10 
to  1.35  million  based  on  estimates  of  annual 
production  of  between  220  000  and  270  000 
seals  (Sergeant,  1975a).  Our  results  indicate 
that  fm>ducti(ni  has  continued  to  decline  in 
recent  years  (Fig.  1).  despite  the  reduced  quota 
of  150  000  harp  seals  per  year,  and  restricted 
sealing  in  the  Gulf  of  St.  Lawrence  since  1972 
(Anon.,  1972).  Extrapolation  of  the  present 


trend  in  annual  production  (Fi^.  1)  suggests 
that  if  current  management  policies  ate  ocmtin- 

ued.  production  will  continue  to  decline,  and 
the  population  will  be  severely  threatened  be- 
fore the  end  ol  the  twentieth  century. 


AduMMvledceiiMats 


We  thank  Major  EJ.  McLaren,  Head, 
Airborne  Operations  Section,  Canada  Centre 

for  Remote  Sensing,  Energy,  Mines  and  Re- 
sources Canada,  and  the  ofTicers  and  men  of 
CF-ASU  who,  for  the  second  consecutive  year, 
participated  in  the  field  work  and  carried  out 
the  experimental  aerial  survey  flights 

Mr.  T.  Curran  continually  supplied  us 
with  up-to-date  information  on  the  location  of 
harp  seals  on  the  Front,  and  assisted  our  ope-  301 


Copyrighted  material 


D.M.  LAVIGNE.  &  INNES,  K.  KALPAKIS  *  K.  RONAU) 


rations  in  the  field.  Mr.  W  Hoek,  Arctic  Bio- 
logical Station,  Fisheries  and  Marine  Service, 
Ste.  Anne  de  Bellevue,  provided  us  with 
infonnation  resulting  from  his  survey  flighis. 
both  in  the  Gulf  of  St.  Lawrence  and  on  the 
Front.  Similarly,  Mr.  S.  Dudka  assisted  with 
our  field  operations  in  the  Gulf  of  St.  Law- 
rence. 

We  also  thank  Mr.  C.  Levelton.  Director 
General,  Operations  Directorate,  Fisheries 


and  Marine  Service,  Environment  Canada; 
and  Dr.  GA.  Jarvis,  Department  of  Mathe- 
matics and  Statistics,  University  of  Guelph,  for 
his  advice  on  the  analysis  of  data. 

Financial  support  was  obtained  through 
the  Special  Advisoiy  Committee  on  Seals  and 
Sealing  to  the  Minister  of  Sute  fbr  Fisheries,  I 
and  from  grants  to  D.M.  Lavigne  and  K.  Ro- 
nald from  the  National  Research  council  of  j 
Canada. 


BENMMimeN,  T.  and  T.  0iutsland,  The  survival  of 
1975      year-duses  and  estimates  of  produciiiin  and 

sustainable  yield  of  Northwest  Atianiic  harp 

seals.  ICNAF  Res.  Doc.  7S/12I. 

BERGKL0OT,  B.,  Report  on  the  .veahng  seaM)n  and  Nor- 
1975      wegian    .seal    investigations    ofl"  New- 
foundland-Labrador in  1975.  iCNAF  Res. 
Doc.  75/120. 

Fisher,  H.D.,  Utilization  of  Atlantic  harp  seal  popula- 
1955      dons.  Trans.  N.  Am.  tVikU.  NaL  Resour.  Con/. 
20:507-18. 

I.WK.Ni  ,    D.Vt    and   N  A    0RlTSLANn.  Ultra-violet 

1974  photography:  a  new  method  for  remote  sen- 
sing of  manunab.  Can,  J.  ZooL,  52:939-41. 

-,  Black  polar  bears.  Nature.  Lond,  251(5472):2l8-9. 
1974a 

Lavicne,  D.M.  and  K.  Ronai  i).  Improved  remote  sen- 

1975  sing  techniques  for  evaluating  seal  popula- 
tions. ICES  CM.  1975/N:12. 

LAVUiNK.  D.M.  et  al..  Harp  seal  remote  sensing  Report 
1974  prepared  for  the  Committee  on  Seals  and 
Seaung,  the  Canada  Centre  for  Remote  Sen- 
sing, and  the  Arctic  Biological  Station, 
Fisheries  and  Marine  Service,  Environment 
Canada  (MS)l 

-,  Harp  seal  aerial  censusing.  Report  prepared  for  the 
19^      Committee  on  Seals  and  Scaling,  and  Canada 
Centre  for  Remote  Sensing  (MS). 

Mansfield,  A.W.,  Seals  of  aictic  and  eastern  Canada. 


1967  Butt.  Fish.  lUs.  Board  C<m.,  (137)  (2nd  rev. 
ed.). 

.  Population  dynamics  and  exploitation  of  !;onie  arctic 

1970  seals.  ]n  Antarctic  ecology,  edited  by  M.W. 
Holdgate.  London,  Academic  Press,  vol. 
1:429-50. 

Mgndenhall.  W.,  L.  Ott  and  R.L.  ScHSAFFeit,  Ele- 

1971  mentar>'  sunL\  sampling.  BelnKMIt,  Califor- 
nia. Wadsworlh  Publ.  Co.,  Inc. 

P001.E,  R.W.,  An  introduction  to  quantitative  ecology. 

1974  New  York,  McOraw-Hill  Book  Co. 

Sergeant,  D.E.,  Estimating  numbers  of  harp  seals. 

1975  Rttpp.  P.-V.  Ram.  CIEM,  169:274-80. 

— ,  Interrelations  of  the  Gulf  and  Front  herds  of  harp 
1975a     seals,  ra^ophilus  groenlandleus.  Plmer  pre- 
sented to  the  Canadian  Govenimeat-lndustiy 
Sealing  Meeting,  25  Februaiy  1975,  Doc  No. 
R/1. 

Snedgcor,  O.W.  and  W.G.  Cochran,  SlaHslical 

1967  methods.  Ames*  Iowa  Stale  Univenity  Press 

(6th  ed.). 

SoM,  R.K.,  A  manual  of  sampUng  techniques.  London, 
1973      Heinemann  Educational  Books  Ltd. 

WootF,  CM..  Prmaples  of  biometry.  New  Jersey,  Van 

1968  Nostnmd  Co..  Inc. 

Anon..  Canadian-Norwegian  agreement  on  sealing. 

1972  Polar  Rec,  16:2&-7I. 


HISTORY  AND  PRESENT  STATUS  OF  THE  CALIFORNIA  SEA  LION, 
ZALOPHUS  CALIFORNIANUS 


BJl.  Mate 


Abstract 

Three  suh-spctics  of  Z<//'y'/iu\  nilifumunun  h;i\c  boon  iilcniifk'iJ  7  <  ( iiliforniantis  is 
found  along  the  eastern  North  i'actik  coaiit  of  North  America  Irum  Bniihh  Columbia  south  to 
at  least  ManzaniUo,  Mexico;  it  breeds  In  late  May  and  early  lone  from  the  tip  of  Baja 
California  north  to  San  Miguel  Island  and  throughout  the  Sea  of  Cortez.  Z.  r.  wollebaeki 
breeds  in  the  Galapagos  Islands  from  October  lo  December.  Z.  (.  japunicus  was  in  the  past 
foand  in  the  Sea  of  Japan  from  34  to  3T>I.  Z.  c.  ealifombmuswas  heavily  exploited  in  the  IflbOs; 
although  estimates  of  population  si/e  arc  uncertain,  there  appear  to  be  ai  least  75  (K)()- 1  (KJ  (XX) 
animals  present.  Populations  of  this  sub-species  and  ol  Z.  c.  woUebaekU  estimated  lo  include 
20000  animals,  are  protected  and  are  either  gro\^  uig  in  size  or  are  stable,  though  some  local 
populations  in  North  America  appear  to  fluctuate  significantly  and  some  animals  there  are 
killed  in  fishing  gear  or  taken  for  public  display.  Z.  e.  japonicus  b  rare  or  extinct.  Little  is 
known  about  die  reproductive  biology  of  Zalophus  and  factors  limiting  population  aze  and 
distribution  have  only  been  described  qualitatively.  Deliberate  and  unintentional  interference 
by  man  through  cximpctiiion  for  (bod.  pollution  (especially  the  clTects  on  reproduction  of 
man-made  toxicants)  and  disturbance  of  rookeries  is  present  and  can  be  expected  to  increase  in 
some  cases.  The  exchange  of  several  diseases  to  and  from  man  and  ZaU^kus  may  also  be 
important. 

1  rois  sous-especes  de  Zalophus  calijomianus  ont  et^  identifiees.  On  trouve  Z.  c.  cali- 
fomkmus  le  long  de  la  cAte  pacifique  septentrionale  d'Amirique  du  Nord,  de  la  Colombie 
britannique  jusqu'a  Manzanillo  (Mexique)  au  moins.  II  so  rcpn  duit  fin  mai-dtibut  juin  de  la 
pornte  de  la  Basse-Califomie  jusqu'a  I'lle  San  Miguel  et  dans  la  mer  de  Cortez.  Z.  c.  wollebaeki 
se  reproduit  dans  les  ties  Galapagos  d*octobre  k  dicembre.  On  trouvait  autrefois  Z.  r. 
japonkus  dans  la  mer  du  Japon.  enii\  "^4  ct  37  Nord.  Z.  c.  iiilifuniiiinus  a  e(e  robjet  d'une 
exploitation  intense  vers  les  annecs  1800.  Lcs  estimations  dc  la  taillc  dc  la  population  sont 
inoertaines  mais  il  semUe  qu*il  existe  au  moins  7S  000-100000  animaux.  Les  populations  de 
cettesous-espt^ce  et  de  Z.  c.  wollebaeki  -  celle-ci  estimfed  20  000  sujeLs  -  sont  protegees:  leur 
taille  augmcnic  ou  restc  stable,  bien  que  des  oscillations  apprteiables  semblent  affecter 
oertaines  populations  locales  en  Amirique  du  Nord:  certains  animaux  sont  tu£s  dans  les 
engins  de  ptehe  ou  capturte  pour  elre  exhibes  en  public.  Z.  r.  japonit  us  est  rare  ou  sa 
population  a  disparu.  On  connalt  lr6s  mal  la  biologic  de  la  reproduction  de  Zainphus  et  les 
facteurs  limilant  la  taille  dc  la  population  et  la  distribution  n'ont  fait  Fobjet  que  de  descrip- 
tions qualitatives.  L'intervention  deliberee  el  involontaire  de  rhomme  due  &  la  concurrence 
alimentaire,  k  la  pollution  (spdcialement  les  effeis  des  (laments  toxiques  artifidels  sur  la  303 
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reproduction)  et  h  la  perturbation  des  rookeries,  ne  fera  que  s'accroitre  dans  certains  cas.  Un 
dl^mcDt  peut-^tre  impoitant  est  Ticbange  de  plusteun  maladies  eotre  rhomme  et  Zahphus. 

Se  ban  identiflcado  tres  subespecies  de  Zalophus  califomianus.  Z.  c.  ealifomianus  se 
encuentra  a  lo  largo  de  la  costa  oriental  del  norte  del  Pacifico.  en  America  del  Norte,  desde 
Columbia  britanica  hasta  Majuaoillo,  cn  Mexico.  Se  reproduce  a  finales  dc  ma^oy  pnncipios 
de  junio,  desde  et  extieiiio  de  Baja  California  basta  la  ish  de  San  Migad  y  por  d  Mar  de 
Cortc/.  Z,  c  wnllehaeki  se  reproduce  en  las  islas  Galipagos  cntrc  octubre  v  dicicmbrc.  Z.  c. 
je^nicus  se  encontraba  antes  en  el  Mar  del  Japon,  entre  34  y  37°N.  Z.  c.  califomianus  se 
explot6  intensamente  durante  el  siglo  pasado;  aunque  no  se  dispone  de  estimadones  dertas 
sobre  el  volumen  de  la  poblacion.  parccc  que  su  nuniero  es  del  orden  de  75  000-100  000 
animales.  Las  poblaciones  de  esta  subcspccie  y  las  de  Z.  c.  woUebaeki,  que  se  calcula  reprc- 
sentan  unos  20  000  ammales.  estin  protegidas  y  van  en  anmento  o  se  mantienen  estables. 
aunque  algunas  poblaciones  locales  de  America  del  Norte  parecen  experimentar  notables 
fluctuaciones  y  algunos  animales  perecen  en  artes  de  pesca  o  se  capturan  para  exposicion.  El 
le6n  marine  Z.  c.  japonicus  es  rare  o  esti  extinguido.  Se  sabe  poco  sobre  la  biologia  de  la 
reprodiioci6n  de  Zahphus  y  los  factores  que  limitan  la  poblad6n  y  la  distribud6n  alAo  se  ban 
descrilo  cualitativamcntc.  Fl  hombrc  intcrfierc  delihcrada  c  inintcncionalmcnlc  con  estos 
anmiales,  debido  a  la  competencia  alimenlana,  la  contaminacion  (e&pecialmente  los  efectos 
de  los  productos  tdxicos  artifldales  en  la  reproduocita)  y  las  alleraciones  de  las  aonas  de  cria, 
interferencias  que.  en  algunos  casos.  irrin  en  aumento.  El  intercambio  mutuo  dc  varias 
enfermedades  cntrc  el  hombrc  y  Zalophus  puede  rcsultar  tambi^n  importante. 


Marme  Sdenee  CaOtr,  Ongon  Stata  Univenity,  Ntvifort,  Oregon  97365,  USA 
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Stocks:  ideatificattoa  and  liieeiliiig  db- 
tributions 


Three  sub-species  of  Zalophus  caUfnr- 
nianus  have  been  discerned  by  Schefler 
(1958): 

(i)  Zalophus  californianus  caHfornianus, 
which  breeds  from  the  tip  of  Baja  Cali- 
fornia (23"N)  north  throughout  the  Sea 
<^Cortez  and  north  in  the  eastern  Pacific 
to  San  Miguel  Island,  California  (34"N). 
Although  a  single  animal  of  this 
sub-species  was  reported  from  the  Tres 
Marias  (21.22*N)  by  Nelson  (1899),  its 
present  status  on  those  islands  is  un- 
known. I  he  non-breeding  season  range 
of  this  sub-species  extends  from  l9-5rN 
(Mate,  unpublished  data). 

(ii)  Zalophus  californianus  wollehaeki. 
which  breeds  on  the  Galapagos  Islands 

(rs). 

(iii)  Zalophus  californianus  japonicus,  which 
has  inhabited  the  Sea  of  Japan  from  at 
least  34-37*N  but  may  now  be  extinct 

Few  specimens  of  Z.  c.  japonicus  arc 
available,  but  it  would  appear  that  adult  males 
are  as  large  (if  not  somewhat  larger)  as  Z.  c. 
californianus  and  woUebaeki.  Scheffer  (1958) 
summarizes  the  morphological  differences 
between  the  2  latter  sub-species,  indicating 
that  Z.  c.  woll^HKki  is  "smaller  in  both  sexes 
than  Z.  c.  californianus.  Off,  Schonewald  and 
Kenyon  (1970)  found  no  morphological  diffe- 
rences between  Z.  c.  californianus  from  the  Sea 
of  Cortez  and  Padfic  populations.  Interbreed- 
ing  between  these  2  populations  may  be  limit- 
ed due  to  their  distribution/densi^  patterns 
(Mate,  unpublished  data). 

The  pu  pping  and  breeding  season  d Za- 
lophus in  the  eastern  North  Pacific  is fiom  late 
May  to  early  July,  while  Galapagos  popula- 
tions pup  and  breed  from  October  to  Decem- 
ber. During  the  breeding  season  only  a  very 


few  animals  (usually  suh-adult  or  bachelor 
males)  are  found  outside  of  the  breeding 
range.  Although  the  exact  age  of  sexual  ma- 
turity is  not  well  defined,  males  are  likely  to  be 
capable  of  reproduction  by  age  5:  however, 
because  their  physical  (and  perhaps  social) 
development  is  insufficient  to  allow  them  to 
maintain  territories,  it  is  probable  that  few 
males  arc  of  breeding  significance  until  they  are 
between  7  and  9  years  old.  By  age  5,  males 
have  started  to  develop  a  visible  saggital  crest 
(Orr,  Schonewald  and  Kenyon,  1970),  which 
becomes  pronounced  in  full-grown  adults  and 
is  frequently  associated  with  a  light  coloured 
pelage  over  that  area. 


Seasonal  distribution 


Information  on  the  non-breeding  season 
distribution  is  hmited  to  Pacific  populations  ot 
Z.  c.  caiiformamu,  in  which  a  northward 
post-breeding  migration  of  males  was  first 
postulated  by  Fry  (1939)  and  most  recently 
reviewed  and  documented  by  Mate  (1973, 
1975).  The  northern  extent  of  this  migration 
appears  to  be  Bull  Harbor,  Vancouver  Island, 
British  Columbia  (5 I  N)  during  the  winter 
months  (Fisher  and  Benton,  pers.  comm.),  a 
conservative  1 900  km  from  the  northernmost 
rookery  at  San  Miguel  Island,  California 
(34"N).  A  few  males  are  found  in  British  Co- 
lumbia even  during  the  breeding  season.  Fe- 
male Zalophus  have  been  documented  as  far 
north  as  Aho  Nuevo  Island,  California  (37*N) 
by  Morejohn  (1968). 

There  is  little  data  available  for  Sea  of 
Cortez  populations  and  the  first  collection  of 
seasonal  data  has  just  been  completed  (Mate, 
unpublished  data).  As  mentioned  previously, 
morphological  evidence  show  s  httle  difference 
between  ndfic  and  Gulf  populations.  Adult 
males,  fonales  and  young  of  the  year  may  be 
found  throughout  the  entire  breeding  range  of 
both  populations  all  year  round.  In  the  Gull, 
SMually  distinct  migrations  are  less  oonspi-  305 
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cuous  than  in  the  Pacific.  Some  adult  males 
and  sub-adults  in  the  Gull  population  appear 
to  move  south  following  the  breeding  season 
along  mainland  Mexico  to  at  least  ManzaniUo 
(19"N).  Adult  males  have  been  found  at  Los 
Frailes  (23"N)  (the  southeastern  tip  of  Baja)  in 
all  aeascms  of  the  year.  The  Gulf  popufation 
may  be  compressed  during  the  breeding  sea- 
son by  temperature  constraints.  Although 
many  more  areas  of  ''apparently  suitable"  ha- 
bitat exist  than  are  occupied  by  Zahphus,  some 
rookeries  in  the  Gulf  are  semi-  or  fully  aquatic. 
1  hose  observed  have  alwavs  been  close  to  the 
mainland  or  an  island.  Although  the  ther- 
mo-regulatory  advantages  of  an  aquatic  terri- 
tory are  clear,  the  assooated  social  and  repro- 
ductive conditions  may  cause  reduced  recruit- 
ment. The  use  of  such  territories  by  Zahphus 
at  San  Nicolas  Island  (southern  California)  is 
described  by  Peterson  and  Bartholomew 
(1967)  and  OdeU  (1972). 


Historic  exploitation 


References  to  sea  lions  during  the  1800s 
have  not  alwavs  distinguishcci  between  Zah- 
phus and  its  somewhat  larger  relative  the  nor- 
thern (Steller)  sea  lion,  Eumetopias.  Although 
the  breeding  range  of  these  2  species  onfy  just 
overlaps  at  San  Miguel  Island  (34"N),  they  are 
found  together  during  their  non-breeding  sea- 
son north  of  San  Miguel  and  may  in  the  past 
have  cohabitated  areas  further  to  the  south. 
Bailc\  (1936)  identified  bones  of  /aluphus 
amon^  greater  numbers  of  Eumeiopias  bones 
in  Indian  kitchen  middens  along  the  northern 
Oregon  coast  indicating  that  the  species  was 
used  by  native  Americans  for  food  and  that  it 
has  been  found  this  far  north  (probably  as  a 
migrant)  for  at  least  150  years.  The  species  was 
extensively  exploited  in  the  1800s.  Scammon 
(1874)  described  some  of  the  products  of  sea 
lions,  the  associated  economics,  and  hence 
some  idea  of  the  numbers  exploited  for  har- 
vest: 


"The  testes  are  taken  out.  and  with  the 
selected  spires  of  the  whiskers,  find  a  market  in 
China  -  the  former  bemg  used  medicinally, 
and  the  latter  for  personal  ornaments. ...  A  few 

years  ago  great  numbers  of  sea  lions  were 
taken  along  the  coast  of  Upper  and  Lower 
CaUfomia,  and  diousands  of  barrels  of  oil  ob- 
tained. The  number  of  seals  slain  exclusively 
for  their  oil  would  appear  fabulous,  when  we 
realize  the  fact  that  it  requires  on  an  average, 
throughout  the  season,  the  blubber  of  three  or 
four  sea  lions  to  produce  a  barrel  (^oil.  Their 
thick,  coarse-grained  skins  were  not  consider- 
ed worth  preparing  for  market  in  a  country 
where  manual  labour  was  so  highly  valued.  At 
the  present  time,  however,  th^  are  valuable 
for  glue-stock  and  the  seal-hunter  now  realizes 
more  comparative  profit  from  the  hides  than 
from  the  oil." 

During  the  early  part  of  this  century 
commercial  harvest  was  primarily  for  dog  food 
and  some  hides  (Fry.  1939). 

At  present,  Zahphus  are  protected 
throughout  their  breeding  range  (Mexico  and 
the  United  States),  although  small  numbers 
are  killed  annually  by  fishing  gear.  Small 
numbers  are  caught  for  display.  Zahphus  is 
considered  the  most  readily  trainable  and 
economically  feasible  pinniped  for  zoos  and 
aquaria.  The  United  States  Navy  has  uiied  this 
species  for  deepwater  object  recovery  opera- 
tions. A  harvest  programme  has  been  propos- 
ed in  Mexico  but  none  has  been  initiated. 


**NatiinU**  popuiatioB  regnlatoffs 


There  is  little  documentation  of  the  re- 
productive biology  of  Zalophiis.  Pregnancv 
rates,  ages  of  sexual  maturity  and  longevity  are 
pooriy  known.  Similarly,  mortality  factors  are 
still  being  defined  in  a  qualitative  manner. 
Sharks  and  killer  whales  arc  obvious  preda- 
tors, although  the  extent  of  their  predation  is 
unlmown.  A  large  factor  governing  early  pup 
mortality  may  be  sea  state,  either  because  of 
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direct  drowning,  or  because  of  injun,'  to  pups 
occurring  when  rookeries  are  crowded  at  times 
of  storms  or  high  tide. 

Lungwonn  is  a  common  parasite  and 
may  be  responsible  for  significant  mortality. 
An  increase  in  the  number  of  observed 
beach-cast  animals  and  premature  pups  (pre- 
sumably indicating  a  greater  mortality  rate) 
occurred  during  1970-71  (Odell.  1970)  and  was 
attributed  toleplospirosis(Vedroserfl/.,  1971). 
Subsequently,  a  virus  known  to  produce 
abortions  and  premature  births  has  been  iso« 
lated  from  Zalophus  (Smith  e[  a!..  1974).  It  is 
unknown  at  present  whether  the  Lepospira  sp. 
bacterium  or  the  virus  are  natural  elements  in 
Zak^us  populations  or  if  th^  have  been 
introduced  by  man.  as  both  are  known  lo  occur 
in  domestic  animals. 

Zalophus  appear  to  be  shallow-water, 
opportunistic,  day  and  night  feeders,  eating 
squid,  including  Loligo,  and  various  small  fi- 
shes including  Eni^raulis,  Merluccius,  various 
rockfishes  and  Ciupea.  There  is  no  evidence  to 
indicate  that  food  may  be  a  factor  limiting 
populations.  However,  they  may  be  significant 
competition  with  FAnnetopias  and  other  near- 
shore  pinnipeds  for  available  food,  habitat  and 
other  resources,  which  affects  the  distribution 
of  each  species.  Mutual  shifts  in  the  historic 
breeding  ranges  of  Eumetopias  and  Zalophus, 
short  periods  of  cohabitation,  use  or  similar 
haiding  grounds  and  similar  prey  species 
indicate  competition  may  be  (or  have  been)  a 
significant  factor  in  the  selective  process  of 
evolution. 


may  also  have  effects  on  other  species.  In  some 
areas  this  competition  goes  beyond  just  hunt- 
ing and  capturing  the  prey.  California  sea  lions 
are  known  to  ascend  some  freshwater  river 
systems  during  anadromous  fish  runs,  have 
been  "caught"  in  bottom  trawling  gear  and 
have  been  observed  to  feed  from  ^Ulnets.  This 
has  caused  some  aggiessive  letahatory  action 
by  fishermen.  The  adversary  relationship  bet- 
ween fishermen  and  pinnipeds  is  both  tradi- 
tional and  understandable. 

Periiaps  the  greatest  threat  to  pinnipeds 
as  a  group  (and  nearshore  species  such  as  Za- 
lophus in  particular)  is  the  as  yet  unknown 
effect  of  increased  levels  of  man-made  toxi- 
cants in  the  marine  environment  Numerous 
investigators  have  documented  the  high  con- 
centrations of  heavy  metals  (mostly  natural  in 
occurrence),  chlorinated  hydrocarbons,  and 
polychlorinated  biphenyls  found  in  marine 
mammal  tissues  (Buhler.  Claeys  and  Mate, 
1975).  These  may  cause  mortalitv  b\  themsel- 
ves or  predispose  an  animal  to  natural  or 
introduced  diseases.  The  recent  development 
of  offshore  oil  production  in  the  California 
Channel  Islands  and  that  proposed  for  the 
Guerrero  Negro  area  of  Baja  may  pose  a  po- 
tential threat  to  the  two  major  areas  of  popu- 
lation for  Z.  c.  californianus. 

Both  intentional  and  unintentional 
human  disturbance  of  haulouts  and  rookeries 
occurs  and  will  no  doubt  increase  in  the  future. 
This  may  reduce  the  suitability  of  certain 
sites  as  rookeries  and  eliminate  some  entirely. 


Effects  of  man 


Both  man  and  sea  lions  compete  for 
food,  but  human  fLsheries  are  selective,  whcre- 
m  sea  lions  are  opportunists.  The  economic, 
social  and  biological  effects  of  altering  the 
balance  of  predation  are  unclear,  though  evi- 
dently human  fisheries  reduce  the  canymg 
capacity  of  the  ecosystem  for  the  sea  licm,  and 


PopuiatioD  estimates 

Population  estimates  and  counts  have 
been  made  sporadically  over  a  century  by  var- 
ious investigators  and  casual  observers.  Data 
have  been  collected  by  such  a  variety  of  meth- 
ods at  different  times  of  the  year  for  some 
areas  that  little  can  be  done  to  project  historic 
numbers  of  this  species,  except  to  say  that  it 
appeared  common  in  die  mid  1800s  in  a  range  307 


Copyrighted  material 


BJt.  MATE 


similar  to  its  present  breeding  range. 

In  this  century,  population  counts  and 
estimates  have  been  from  direct  observation  or 
photographs  taken  from  the  ground,  boats  and 
aircraft.  Counts  from  boats  and  aircraft  have 
been  highly  variable,  as  have  methods,  pho- 
tographic gear,  emulsions  and  processing. 
While  most  counts  have  been  made  during  the 
breeding  season,  some  non-breeding  seasonal 
data  are  available  for  some  areas.  Weather, 
tide,  ocean  state,  time  of  day,  and  recent  dis- 
turbance all  influence  the  number  of  animals 
hauled  out  and  make  true  population  esti- 
mates (torn  counts  impossible  at  present.  Tag- 
ging has  been  carried  out  on  a  few  rookeries, 
primarily  of  pups,  and  few  results  have  been 
reported  to  date. 

The  numbers  and  distribution  of  Zah- 
phus  in  the  California  Channel  Islands  have 
changed  markedly  over  the  last  40  vears  ac- 
cording to  Bartholomew  (1967),  who  has  esti- 
mated some  2  000  animals  present  in  1940  and 
13  000  (excluding  San  Clemente)  in  1958 
(Bartholomew  and  Boolootian.  I960). 

Duruig  the  1964  breeding  season,  Odell 
(1967)  reported  34  382  Zaiophusoaihe  Califor- 
nia Channel  Islands,  substaniiallv  higher  than 
previous  counts  (18  363  in  1961  by  Ripley.  Cox 
and  Baxter,  1962)  or  more  recent  estimates 
(17  169  in  1965  by  Carlisle  and  Alpin,  1966;  and 
17  451  in  1969  by  Frey  and  Alpin,  1970),Odeirs 
figures  are  ver>  nearly  twice  those  found  by 
Carlisle  and  Alpin  ( 1966)  just  I  year  later  foraU 
California  and  may  indicate  the  variability  of 
controlled  and  "external"'  factors  in  producing 
**sampimg  error"  problems  during  countmg  at- 
templ&  Atemativefy,  these  gross  differences 
may  be  interpreted  as  a  comparison  of  **unu- 
sual  regional-seasonal"  distributions  during 
those  years.  During  the  non-breeding  season,  as 


many  as  14  000  Zahphus  may  be  found  in  Ca- 
lifornia north  of  the  Channel  Islands  (Orr  and 
Pbulter,  1965),  2  500  in  Oregon,  500  in  Wa- 
shington and  perhaps  as  many  as  1 000  in  Bri- 
tish Columbia  (Mate,  1975). 

An  estimate  of  16  5(i6  Zahphus  on  San 
Benitos  and  Cedros  Islands  was  made  in  1965 
(Rice.  Kenyon  and  Lluch,  1965)  and  a  conser- 
vative count  of  33  000  has  been  made  for  all 
areas  on  the  Pndfic  side  of  Baja  (except  Gua- 
dalupe) during  1975  (Mate,  unpublished 
data).  Gulf  populations  have  been  estimated 
by  Orr,  Schonewald  and  Kenyon  (1970)  at 
5411  in  April  1966  (highest  single-period 
count  for  6  islands)  and  by  Mate  (unpublished 
data)  at  8  500  for  all  areas  during  June  of  1975. 
There  is  not  enough  data  to  judge  stability  of 
trends  of  Mexican  populations.  A  conservative 
estimate  of  the  Zalophus  califnrnianus  califor- 
nianus  stocks  would  be  75  000-100  000.  the 
Galapagos  populations  of  Z.  c.  wollebaeki  is 
estimated  at  20  000  (King,  1964). 


The  present  stocks  of  Zalophus  califor- 
nianus  wollebaeki  and  califomianus  arc  pro- 
tected and  either  growing  or  stable,  while  Z.  c. 
japonicus  is  at  best  rare,  and  may  be  extinct. 
Tne  eastern  Pacific  populations  are  not  en- 
dangered at  this  time,  although  some  local 
populations  appear  to  fluctuate  significantly. 
Man-made  toxicants  and  several  diseases  may 
have  a  profound  effect  on  rcfwoductive  suc- 
cess. The  transmission  of  diese  diseases  to 
and /or  from  man.  domestic  animals  or  wild- 
life may  have  significant  consequences. 
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(STELLER)  SEA  UON,  EUMETOPIAS  JUBATUS 


B.R.  Mate 


Abstract 

The  northern  sea  lion  ( Humclopias  juhaiii.s)  breeds  troni  the  Kurile  Islands  north  and 
west  through  the  Aleutian  and  Pribtlof  islands  and  south  along  the  North  American  coast  to 
San  Miguel  Island.  Populations  in  California,  Oregon,  Washington  and  British  Columbia  are 
estimated  to  number  about  5  000-1  0(X1.  2  000.  600  and  5  000  animals.  respectiveK  thput-h  this 
varies  seasonally.  Combined  estimates  ol  the  size  of  Soviet  slocks  exceed  2U  000  animals. 
Nearly  200000  northern  sea  lions  are  thought  to  inhabit  Alaskan  waters.  Sea  lions  in  the 
eastern  Pacific  migrate  north  following'  the  breeding  season  (niidM;i\  In  mid-Julv)  and 
seasonal  movements  have  also  been  observed  among  those  in  the  Bermg  Sea.  The  species 
moves  south  to  inhabit  waters  around  northern  Hokkaido  from  late  January  to  late  May, 
reaching  a  maximum  of"  10  (KX)- 1 3  (KX)  animals  in  March 

Northern  sea  lions  have  been  taken  for  centuries  by  aboriginaU,  though  the  native 
harvest  in  Alaska  has  declined  during  this  century.  Commercial  sniing  from  the  late  1700s 
through  the  1800s  exterminated  or  reduced  the  abundance  of  the  qMCies  in  some  areas. 
Aproximatelv  12  500  and  2  500  animals  are  killed  each  year  in  connexion  with  foreign  and 
U.S.  fishing  operations,  respectively. 

Competition  with  other  pinnipeds  may  be  the  most  important  factor  affecting  the 
abundance  and  distribution  of  northern  sea  lions  this  mav  account  in  part  for  the  decline  of 
the  species  m  the  Channel  Islands  and  for  changes  in  its  status  in  the  Commander  Islands. 
Competition  with  man  for  food  may  also  be  present  though  the  trophic  relations  of  the 
n<'rihern  sea  lion,  other  pinnipetls  anil  man  are  poorlv  unilersioiHl  Increased  concentrations 
of  man-made  toxicants  in  the  ocean  is  probably  the  greatest  single  threat  to  this  species  as  well 
as  to  all  marine  mammals. 

Resume 

I. 'aire  de  reproduction  de  I'otarie  de  Stcller,  Eumeln>piasjuht::u^  VicnJ  depuis  les  iles 
Kouriles,  au  nord  et  k  I'ouest,  en  passant  par  les  iles  Aleouticnnes  et  Fnbilof  et,  au  sud,  le  long 
de  la  o6te  nord-amMcaine  jusqu'i  IHe  San  Miguel.  Les  populations  de  Califomie.  de  rOre- 
gon,  dc  IT  lai  do  Washington  ct  de  Colombic  Britannique  sont  estim^es  h  environ  5  000-7000, 
2  000, 600  et  5  000  animaux,  respeciivement,  bien  que  ces  chifTres  soient  sujets  k  des  variations 
saisonniires.  Les  estimations  combinies  des  stocks  sovidtiqucs  dcpasscnl  20  000  animaux.  On 
pensc  que  pr^  de  200  000  otaries  de  Steller  vivent  dans  les  eaux  de  TAIaska.  Les  otaries  du 
Pacifique-est  cfTectuenI  unc  migration  vers  le  nord  aprt^s  I'epoque  dc  la  rcproductit)n  (mi-mai 
a  mi-juillet)  et  des  deplacements  saisonniers  ont  aussi  ete  observes  chez  les  animaux  de  la  mer 
de  B6fuig,  L'csptee  se  d^lace  vets  le  sud  pour  vivre  dan*  les  eaux  voistnes  du  nord  dHok-     3  H 
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kaido  de  la  fin  Janvier  i  ia  fin  mai,  atteignant  un  maximum  de  10000-13000  animaux  en 

mars. 

L'otarie  de  Steller  est  chasste  depuls  des  siddes  par  les  aborigtoes  bien  que  ies  chasses 

locales  aieni  diminu^  en  Alaska  an  cours  du  siecle  Depuis  !a  fin  du  18'  siccle.  et  pendant  tdul 
le  19"  si^cIc,  la  chasse  oommcrciale  a  exicrmini^  ou  rcduii  les  populations  dans  oertaines 
r6gions.  Environ  12  500  et  2  SOO  animaux  sont  tuis  chaque  annAs.  respectivement.  dans  les 
operations  dc  chasse  dlrangircs  et  des  Ftats-Unis.  La  concurrence  avec  d'autres  pinnipedes 
pourrait  eirc  Ic  tactcur  Ic  plus  impt^rtant  alTectant  Tabondance  ct  la  distribution  des  otaries  de 
Steller,  cc  qui  peut  expliqucr  en  partie  le  diclin  de  I'esp^  dans  les  ties  du  Channel  et  la 
m(Kliflcation  de  SOU  tial  dans  les  Qes  du  Comrnandcur  l  a  concurrence  alimentaire  avec 
I  homme  peut  aussi  jouer  un  role,  encore  que  les  relations  trophiques  de  Totarie  dc  Steller  avec 
d'autres  pinnipidcs  el  avec  rhomme  soicnt  mal  comprises,  l.cs  concentrations  croissuntes  de 
produib  toxiques  mis  en  circulation  par  Thomme  constituent  probablement  le  phu  grand 
danger  mena^nt  cette  esptee  ainsi  que  totis  les  mammil^res  marins. 

Extracto 

El  leta  marino  septentrional  (Lunieiopias Jubalus)  se  reproduce  al  norte  y  el  oesle  de  las 
islas  Kuriles  a  io  lai^  de  las  islas  Aleuttanas  y  PriUlof.  y  al  sur  de  las  Kuriles.  a  lo  largo  de  la 
GOSta  dc  America  dc!  Norte  ha'vta  la  isla  de  San  Mipiiel.  El  niimero  de  animalcs  de  las 
poblaciones  de  California,  OregOn,  Wellington  y  Columbia  Brit&nica  sc  ha  calculado  res- 
pecttvamente  en  5  000-7  000,  2  000, 600  y  S  000  animales,  aunque  las  cifhu  varlan  segAn  la 
estacion.  F.I  total  csiimado  de  las  poblaciones  sovicticas  arroja  una  cifra  superior  a  20000 
animales.  Se  estima  que  en  aguas  de  Alaska  viven  aproximadamente  200  000  leones  marinos 
de  esta  especie.  Los  leones  marinos  del  este  del  Padfico  emigran  hada  el  norte  despuds  de  la 
temporada  de  reproduodon  (mediados  de  mayo  a  mediados  de  julio)  y  tambiin  se  han 
ohscrvado  movimicntos  estacionales  entre  las  poblaciones  del  mar  de  Bering.  I.a  especie  se 
despla/a  hacia  cl  sur.  a  las  aguas  siluadas  en  tomo  al  norte  de  Hokkaido,  dcsde  fmales  de 
enero  hasta  fmales  de  mayo,  alcanzando  puntas  mdximas  de  10  000- 13  000  en  marzo. 

l-\  Icon  niarino  sepientrtcma!  ha  sido  cazado  por  los  aK^ricenes  durante  siglos.  aunque 
cn  Alaska  las  actividadcs  dc  caza  dc  los  naiivos  han  disminuido  durante  cl  presente  siglo.  La 
explotad6n  comercial.  desde  finales  del  siglo  XVIII  hasta  finales  del  XIX,  acab6  con  esta 
especie  o  la  redujo  notablcmente  en  algunas  /onas.  Durante  las  faenas  de  peskM  de  emharca- 
cioncs  extranjeras  y  estadounidenses  mueren  todos  los  anos  12  500  y  2  SOU  animalcs,  respec- 
tivamente. 

La  competencia  con  otros  pinnipedos  puede  scr  cl  mas  importanle  de  los  factores  que 
influyen  en  la  abundancia  y  distribucidn  del  lc6n  mahno  septentrional, y  a  clla  pucdc  debcrsc 
en  parte  la  disminud6n  de  esta  espede  en  las  bias  del  Canal  y  los  cambios  que  su  situad6n  ha 
experimcntado  en  las  islas  Commander.  Es  posihie  que  compitan  tambien  con  el  hombre 
dcsdc  cl  punio  dc  vista  aliroentario,  aunque  no  sc  conoccn  bicn  las  rciaciones  iroficas  entre  cl 
ledn  marino  septentrional,  otros  pinnfpedos  y  d  hombre.  Probablemente  la  amenaza  mis 
grave  para  esta  especie.  al  igual  que  para  todos  los  mamiferos  marinos,  es  d  aumento  de  las 
ooncentraciones  de  sustancias  toxicas  artificiales  en  los  ocianos. 


B.K.  Mate 
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IdcDtification  and  distribution  of  stocks 


Distribution 

The  northern  sea  lion,  Eumetopias  juba- 
tus,  breeds  from  the  Pribflof  Islands  (57"N) 
(Kenyon  and  Rice,  1961)  south  and  west  to  the 

Kurile  Islands  (46"N)  (Nishiwaki,  personal 
communication  1975)  and  south  and  east  to 
San  Miguel  Island,  Calilornia  (34"N).  The  wid- 
est gap  in  the  species  lireeding  range  is  the 
650  km  between  the  Aleutian  and  Commander 
Islands.  No  isolated  or  sub-specific  populations 
have  been  idenlitled  over  this  large  range. 

The  nofi'breeding  distribution  has  been 
summari/ed  by  SchefTer  (1958),  elaborated  hy 
Kenyon  and  Rice  (1961).  and  includes  Hers- 
chel  Island  (69  N ),  Bermg  Slrails,  the  Fribilols, 
and  extends  south  to  northern  Hokkaido,  43*>1 
(Nishiwaki,  personal  communication  1975). 
Latitudinal  seasonal  movements  have  been 
noted  throughout  the  range. 


Migration 

In  the  eastern  Pacific,  adult  and  some 
Sub-aduUmale  EumetopiasmgTaie  north  after 
the  pupping  and  breeding  season  (mid-May  to 
mid-July).  The  migration  appears  to  be  unifi- 
ed, in  uiat  adult  males  are  virtuaUy  absent 
from  California  waters  (south  of  42"N)  by 
August  and  cannot  be  found  south  of  British 
Columbia  (48  N )  by  mid-October  (Mate,  1975). 
It  would  appear  that  females  also  migrate 
north  after  breeding  in  the  summer,  for  in 
mid-winter  the  number  of  females  and  young 
of  the  year  drops  in  California,  Oregon  and 
Washington  and  in  spring  the  number  of  fe- 
males with  yearlings  increases  from  north  to 
south.  It  is  probably  necessary  for  females  to 
delay  their  northward  migration  until  their 
pups  are  capable  swimmers.  The  primaiy  fac- 
tors responsible  for  migration  are  as  yet  un- 
known, although  some  hypotheses  have  been 
proposed. 

The  bulk  of  the  breeding  population  is 


found  on  the  Aleutian  Islands.  In  the  Bering 
Sea  some  adult  and  sub-adult  males  appa- 
rently move  north  as  the  ice  recedes.  Fay  {in 
/iVf.)  (quoted  by  Kenyon  and  Rice,  1961)  states 
that  some  of  these  animals  arrive  at  St.  Law- 
rence Island  (63"N)  in  late  June  and  accord- 
ing to  local  inhabitants  the  greatest  numbers 
occur  in  September  and  depart  in  November 
when  the  ice  returns.  Further  observation  on 
the  Fribilofs  by  Wilke  and  Kenvon  (1952),  re- 
ported by  Kenyon  and  Rice  ( 1 96 1 ),  indicated 
that  the  identifiable  winter  residents  were 
males,  suggesting  a  southward  movement  of 
females  after  the  breeding  season. 

In  the  western  Pacific,  Eumeiopias  of 
unspedfied  sex  appear  fixmi  the  north  in  north- 
ern Hokkaido  (43"N)  during  late  January, 
and  depart  hv  late  Mav,  presuniahlv  to  breed 
in  the  Kurilc  Islands  (Nishiwaki,  personal 
communication  1965).  No  breeding  occurs  in 
Japanese  waters. 


Population  cstinuites 


Kenyon  and  Rice  (1961)  give  detailed 

information  on  the  occurrence  of  this  species 
and  estimated  the  total  number  to  he 
240  000-300  000  from  their  own  work  and  that 
of  others  (Table  1).  There  have  been  certain 
rookeries  which  have  mainlajned  stable  num- 
bers of  animals  over  long  periods,  some  of 
which  have  been  deserted  and  others  which 
apparently  have  developed,  which  makes 
comparison  dimcult.  California  populations 
appear  to  be  fairly  stable  (5  000-7  000  indivi- 
duals) judging  from  aenal  survey  results  from 
1958-70  (Cartisle  and  Alpin,  1971).  Oregon 
and  Washington  populations  are  approxima- 
tely 2  000  and  600  respectively  (Mate,  1975). 
hisher  and  Brenton  (personal  communication 
1975)  estimate  the  1975  breeding  population 
of  British  Columbia  to  be  5  000.  The  Alaska 
Department  of  Fish  and  Game  now  estimates 
that  nearly  200  (XX)  Eumetopias  occur  in  Alas- 
kan waters.  Estimates  of  Soviet  stoda  from  the  313 
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literature  indicate  a  total  in  excess  of  20  000 
individuals,  and  the  apparent  occurrence  of 
shifts  in  distribution  over  time.  Nishiwald 
(pmonal  communication  1975)  has  estimated 

tne  numbers  of  non-breeding  seals  occurring 
seasonally  in  Japan  to  be  approximately 
10  000-13  000  during  March. 


History  of  exploitation  and  trends  te 


Eumetopias  has  been  harvested  through- 
out its  range  for  centuries  for  food,  building 

material  and  wearing  apparel  as  evidenced  bv 
kitchen  middens,  cultural  artefacts  and  liter- 
ature. This  aboriginal  harvest  may  have  been 
significant  in  regidating  some  regional  popu- 
lations, but  there  is  little  documentation  with 
wllich  to  establish  this. 

Sealing  dunng  the  late  18th  and  entire 


19th  centur>'  certainly  reduced  or  eradicated 
some  "local"  populations.  The  first  indication 
of  migration  or  immigration  by  Eumetopias 
may  have  been  by  a  commeidal  sealer 
(Scammon.  1874): 

"Doubts  have  been  expressed  as  to  the 
migratory  habits  of  the  sea  lion;  but  we  are 
fulty  convinced  that  there  are  individuals,  at 
least,  among  all  the  northern  herds,  that 
change  from  the  cold  latitudes  to  the  tropics,  as 
we  have  killed  several  of  the  animals  upon  the 
southern  coast  of  CaUfomia,  during  the  month 
of  June,  in  which  were  found  armw  or  spear 
heads,  such  as  are  used  by  the  northern 
sea-coast  natives.  Professor  Davidson  states 
that  in  June  1870«  a  spearhead,  such  as  is  used 
by  the  natives  of  Alaska,  was  found  in  a  large 
male  sea  lion  taken  at  Point  Arenas,  in  latitude 
39",  on  the  coast  of  California.'* 

During  the  1800s  thousands  of  sea  lions 
(including  Eumetopias)  were  harvested  for 
their  oil,  testes,  whiskers,  hides  and  gluestock 
value. 


TaUe  1.   Siunnuiy  of  population  estimates  of  Steller  mmi  lions  (taken  from  k«n\on  and  Rice,  1961) 


Am 


Number 


AuiJioriiv 


Soutbeni  California  SO 

Nortltem  Califoraia  60O2 

Oregon  650-1 000 

Washington  400-500 

British  Columbia  1 1  000-12  000 

S.nithc.iML'rn  Alaska  to  the  Shumagin  islands  76  027 

Alcuiian  Islands  100  205 
Pribilof  Islands: 

St.  Paul  Island  aod  Sea  Lion  Rock  3U0 

Otter  Island  160 

Wtdrus  Island  4  000-5000 

St.  George  Island  I  200 

Kamchatk  i  ('^  rn,ikcrics  and  hauling  prouiuK)  No  flata 
Kurilc    hl.iiuK    ^2^    rookeries   and  hauling 

iT.iunJsi  15  00(1-17  (KJO 

Okhotsk  Sea  (Svyalov  lony)  5  000-6  000 
Okhotsk  Sea  (9  other  roolwiies  and  hauling 

gpottnds)  No  dau 


Bariholomcw  .iiul  Hooloolian  (I960) 
California  Deparimeni  of  Fish  and  Game 
(<n/m..  I960)' 

Rice,  field  notes.  I960 
Kenyon  and  SchclTcr  (1959) 
Pike  Jind  Maxwell  (1958) 
Mathisen  i 
Present  report 

Kenyon.  field  notes.  I960 
Kenypa*  Tield  notes,  I960 
Kenyon*  field  notes,  1960 
Riley,  fidd  aoies,  I960 
Rass  er  a£  (1955) 

Kluni.'N  (  l'>^^i 
Nikuiin  iWl) 

Rass  «r  ah  (1955) 


Total 


2I99M-225444 


'  Ripley  ^vcs  the  foUowinc  infomalkMi:  'Wc  have  nude  aerial  cslimales  of  tea  lioas  on  rookeries  of  California  for  die  yean  I9SS  and  l%0  Althou^  we  do  not 
iMve  die  ipcoct  dciiacMed  is  IIk  aciiil  bIhiIik,  it  cu  be  cmuidcml  i)mi  Ite  populnioa  aonh  of  iV>iat  Cooccpttoa  ii  acsily  all  Siclkn.  Tbcrerore.  baied  m  Um 
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Eastern  Pacific 

The  pre-exploHation  population  in  the 
southern  extent  of  the  eastern  Padlic  range  is 

unknown,  but  the  extensive  harvest  that  took 
place  there  may  have  triggered  off  major 
changes  in  species  distribution. 

"When  leoords  of  the  puiniped  popula- 
tion of  the  California  Islands  were  first  begun 
in  the  late  twenties,  the  Stcller  sea  lion  was  the 
most  abundant  pinniped  in  the  Southern  Cal- 
ifornia group.  Its  population  peaked  at  a  little 
more  than  2  000  in  the  late  thirties  and  has 
been  declining  during  the  30  subsequent  years. 
In  1958  the  total  breeding  population  of  this 
species  in  the  Southern  California  Islands  had 
fallen  to  less  than  100  and  was  confined  to  a 
single  rookerv'  on  the  western  tip  of  San  Mi- 
guel." (Bartholomew,  1967.) 

lihe  population  on  San  Miguel  was  even 
smaller  in  1975  and  1976  than  in  1958  (Mate, 
unpublished  data).  The  population  at  Afio 
Nuevo  Island  has  remamed  fairly  stable  at 
1  500-2  500  animals  since  1921  (Evermann, 
1921;  Rowlev,  1929;  Riplcv.  Cox  and  Baxter, 
1962;  Carlisle  and  Alpin»  1971). 


Alaska 

Li  Alaska,  native  take  has  reportedly 
been  reduced  during  this  century  due  to  the 
influence  of  "white"  culture  and  recent  a- 

vailabilityofaltemativcfoodsand  manufactured 
goods.  Recent  records  indicate  that  from  1 963 
to  1972  between  1  500  and  6  546  animals 
(average  4  518)  were  taken  annually,  primarily 

for  the  fur  industry  (Alaska  Fish  and  Game. 
1975).  Aia.ska  Pi.sh  and  Game  now  feels  that 
Eumeiupias  are  "near  or  at  carrying  capacity 
for  the  habitat". 


Commander  Islands 

Kenyon  and  Rice  (1961)  indicate  that 
this  species  does  not  breed  on  the  Commander 
Islands,  but  is  found  there  from  October  to 


April.  Although  there  may  have  been  animals 
present  during  the  breeding  season,  no  popu- 
lation estimates  were  given.  However,  Chu- 
gunkov  (1968)  in  his  studies  on  the  effect  of  sea 
lions  on  the  fur  seal  rookeries  of  the  Com- 
mander Islands,  indicates  the  presence  of  up  to 
3  000  sea  lions  in  several  rookeries  on  the  south- 
east tip  of  Medny  Island  between  the  end  of 
May  and  early  July.  Considerable  yearly  fluc- 
tuation in  these  rookeries  and  a  declining 
trend  were  aiinbuied  to  increased  fur  seal  pop- 
ulations and  harassment  of  sea  lions  during 
fur  seal  harvest  operations.  This  may  indicate 
how  easily  changes  in  breeding  status  and 
stocks  occur  in  this  species,  or  it  may  merely 
reflect  the  lack  of  published  citings  for  a 
long-established  population. 

Japan 

Similarly.  Wilke  and  Kenvon  (in  Ke- 
nyon and  Rice,  1961)  observed  no  sea  lions 
during  their  fur  seal  studies  near  Hokkaido  in 
the  winter,  spring  and  summer  of  1949,  1950 
and  1952.  although  Nishiwaki  (personal  com- 
munication 1975)  believes  the  population  to  be 
as  high  as  10  000-13  000  during  March  in 
northern  Hokkaido. 


Natural  population  regulators 


Competition  may  be  the  single  most  im- 
portant factor  both  for  population  numbers 

and  for  di.stribution.  In  the  Channel  Islands 
the  previously  mentioned  reduetion  of  the 
breeding  range  ol  Lumetopias  has  been  ac- 
companied by  a  rapid  increase  in  the  numbers 
of  Zalophus  (Bartholomew.  1967).  indicating 
there  may  be  a  niche  competition  (for  some 
critical  resource[s])  which  Zalophus  is  winning. 
The  observations  of  Chugunkov  (1968)  indi- 
cate that  competition  with  fur  seals  for  avail- 
able rooker)'  space  may  be  a  limiting  f  actor  for 
Eumeiopias  in  the  western  Pacific.  In  addition,  315 
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it  is  likelv  that  there  mav  be  considerable 
compelilion  for  prey  species  within  pinniped 
species  and  between  pinnipeds  and  others, 
including  man.  Commercial  fisheries  have 
increased  dramatically  over  the  last  15  years  in 
the  sea  lions'  range  and  may  account  for  some 
reduced  recruitment  for  Pribilof  fur  seals. 

While  there  are  several  studies  of  the 
feeding  habits  of  various  marine  mammal 
species,  mcluding  Eumetopias  (Imler  and  Sar- 
ber,  1947;  Wilke  and  Kenyon.  1952;  Pike  and 
Maxwell,  1958;  Mathisen,  Baade  and  Lof>p, 
1962:  Fiscus  and  Baines.  1966).  it  is  not  yet 
clear  what  effect  these  top  carnivore  popula- 
tions have  on  each  other  by  their  consumption 
of  mutually  desirable  prey  species,  nor  how 
their  populations  interact  with  the  rest  of  the 
marine  food  web.  Such  data  may  be  essential 
to  the  defmition  of  "carrying  capacity",  espe- 
cially in  view  of  man*s  intention  to  maintain 
and /or  increase  harvest  from  the  same  trophic 
level. 

Direct  predation  of  sea  lions  by  sharks 
and  killer  whales  is  known  to  occur,  but 
quantitative  data  are  lacking.  The  species  is 
luiown  to  have  many  parasites  and  some  may 
cause  considerable  mortality,  but  very  little 
data  have  been  coilL-cted  on  which  to  base 
conclusions  (Rausch,  1964;  Dailey  and  Hill, 
1970). 


Effects  of  man 


The  most  direct  effect  of  man  on  Eume- 
topias populations  is  harvest: 

-  small  numbers  throughout  the  northern 
range  are  taken  for  human  consump- 
tion; 


—  approximately  4  000  are  captured  in  as- 
sociation with  foreign  and  domestic 
fishing  in  gear  conflicts,  bait  operations, 
or  retaliations.  Of  this  number  most  are 
alive  when  brought  aboard  and  are  al- 
lowed to  escape  (John  Burns,  pers. 
comm.); 

—  some  dozen  or  so  are  captured  each  year 
for  display  and  research  purposes; 

—  some  are  taken  by  natives  for  use  in  tra- 
ditional crafts  and  clothing; 

—  a  prop<isal  has  been  made  to  harvest  sea 
lions  as  a  protein  source  for  animal 
breeding  farms  on  the  Commander  Is- 
lands (Chuguntov,  1968).  A  feasibility 
analysis  of  commercial  harvest  in  Alaska 
has  also  been  made  (Little  Inc.,  1964). 


Probably  (he  greatest  single  threat  to  the 
Species  is  one  shared  by  all  marme  mammals: 
increased  concentrations  of  man-made  toxi- 
cants. As  a  top  carnivore,  this  species  is  the 
recipient  of  quantities  of  biologically  per- 
sistent contaminants,  which  become  more  con- 
centrated at  each  step  up  the  food  chain.  The 
effects  vaiy  with  different  compounds,  some  of 
which  may  produce  behavioural  or  physio- 
logical aberrations  which  would  result  in 
reduced  reproductive  success  or  even  death. 

Harassment,  whether  intentional  or 
unintentional,  mav  decrease  breeding  success 
by  reducing  the  suitability  of  some  habitats  as 
rookeries. 

This  problem  will,  however,  be  restrict- 
ed, since  human  density  is  low  in  most  parts  of 
this  species'  range. 


Alaska  Depaftment  of  Fish  and  Game,  Current  takings 
1975     of  marine  mammals  in  Alaska.  Draft  enviran- 


mental  impact  statement  Juneau,  Alasika,  De- 
partment of  Fish  and  Game  (unpulri.). 
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STATUS  OF  NORTHERN  FUR  SEALS 


R.H.  Lander  and  H.  Kaiimura 


Abstract 

f  his  paper  reviews  thcdcmographieand  criviroiiincnlal  biolog)  oMhc  northern  lur  seal. 
CaUorkinus  ur^mu.^  (Linnaeus.  1758),  especially  in  relation  to  exploitation  by  man.  Estimated 
current  abundance  (in  parentheses),  historical  trends  in  abundance,  and  migration  and  sub- 
sequent inlermuture  of  the  S  breeding  populations  recognized  by  the  North  Pacific  Fur  Seal 
Commission  are  reviewed;  (1 )  Pritrilof  Islands  (I  300  000).  The  Kkely  size  of  the  population 
before  exploitation  was  between  2-2  5  million  animals,  falling  to  about  300  (XX)  at  its  low  point 
in  191 1/ 12.  Fluctuations  in  the  annual  kill  occurred  in  the  mid-1900s,  leading  to  a  major  herd 
reduction  programme  (including  harvesting),  about  20  %.  Latest  computations  indicate  opti- 
mum annual  production  for  nia.ximuni  sustainable  yield  (MSY)  at  about  360  000  for  both 
islands,  a  reduction  from  eariier  estimates:  (2)  Commander  Islands  (26S  000).  This  population 
included  over  1  million  animals  before  it.s  rapid  depletion  around  1900  and  its  ncar-destruc- 
tion  by  1911.  An  annual  yield  of  40  000  is  estimated  when  the  population  is  restored:  rcnrent 
production  trends  indicate  slow  rcpopulation  of  decimated  rookeries:  (3)  Robben  Kland 
(165  000).  Seals  ol  this  population  were  also  near  depletion  in  191 1,  MSY  is  projected  for  an 
annual  pup  production  of  45000-50000:  (4)  Kuril  Islands  (33  000).  This  population  was 
destroyed  near  the  turn  of  the  centun* ;  seals  from  the  Commander  Islands  and  Robben  Island 
are  contributing  to  the  present  repopulation  of  the  central  islands  and  (5J  San  Miguel  Island 
(2<NN>).  Breeding  here  was  discovered  in  1968.  though  the  presence  of  Air  seals  has  been 
known  since  early  in  the  last  ccnturv 

Pelagic  .sealing  was  banned  by  treaty  in  1911;  only  the  first  3  populations  above  are 
presently  exploited  oommerdaOy  on  land.  Haivesttng  rate  and  data,  birth  and  natural  mor- 
tality rates  and  census  methods  and  figures  for  these  populations  are  presented.  The  northern 
fur  seal  is  an  opportunistic  feeder,  capable  of  long  periods  Of  fasting;  its  feeding  habits  and 
behaviour  and  principal  food  species  (primarily  fish  on  the  continental  ^elf  and  squid  in 
pelagic  areas)  arc  summari/ed,  and  additional  ecological  factors  arc  reviewed.  1  he  northern 
fur  seal's  trophic  relationships  with  other  living  resources  and  marine  life  of  the  North  Pacific 
are  poorly  understood  and  represent  a  complex  problem  in  resource  allocation;  its  economic 
tmpOftance  extends  beyond  its  valuable  skin  and  other  oil  and  meal  products  to  its  impact  on 
commercial  fishery  resources.  While  consumer  demand  for  fur  seal  products  is  prosentiv 
steady,  increasing  public  interest  in  marine  mammals  suggest  that  aesthetic  and  educational 
values  should  also  be  considered  in  fiiture  management  policies. 

fes  auteurs  litudicnt  l;i  hiolonic  dcmopraphique  et  cnvironncmcntale  de  I'otaric  a 
fourrure  des  Pribilof,  Callorhinm  ursinus  (Linnaeus,  1758),  lout  particulierement  du  point  de 
vue  de  son  eiqdoitaiion  par  I*homme.  Ik  donnent  des  indications  (entre  parendilses)  sur  319 
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I'abondance  actuellc.  revolution  historique  de  rabondance,  les  mixtions  et  les  mcMungcs 
subs^uents  des  cinq  populations  de  reproducteun  reoonnues  par  la  CotnniisskMi  du  phoque 
i  foumire  du  Pacifique  nord:  ( 1 )  lies  Pribilof  (I  300  000).  Avant  rexploitation.  la  population 
se  situait  probablement  enire  2  ct  2.5  millions  d'individus.  Elic  est  tomhce  a  son  minimum, 
environ  300  000.  en  191 1/ 12.  Vers  le  milieu  du  vuigii^me  sidcle.  la  morlaliie  par  Lha.s.se  a  ei«i 
variable  si  hien  que  de  1956  a  1963  le,s  troupeaux  ont  £t£  fortement  rtduits  (on  a  tud  mime  des 
fcmcllcs).  LTIc  St  Paul  foumissaii  ir.iJitionnellemcnt  environ  80  pourcent  des  prises  u^tales  et 
Tile  St  George  environ  20  pour  cent.  C  ettc  iie  est  aujourd'hui  une  zone  reservee  a  la  recherche, 
ce  qui  exdut  PexploitaUon.  D'apris  les  dernien  cakuk,  la  production  annueUe  optiniale 
correspondanl  ;ui  MSY  sc  situerail  a  environ  360  HOO  pour  les  deux  ties.  chifTre  inftVicur  aux 
estimations  anierieures.  (2)  lies  du  Commandeur  (265  000).  Ccttc  population  dcpassait  le 
million  avant  son  dtelin  rapide  auiour  de  1900  et  sa  qoasiMlestniction  en  191 1.  On  pense  que 
le  rendcmcnt  annuel  sera  de  40  000  quand  la  population  se  scni  rttablic.  I  es  tendances 
r6;entes  de  la  production  indiqueni  que  les  rookcnes  decimc^es  se  fCpeuplent  lentement.  (3)  lie 
Robben  (165  000).  Cette  population  ^it.  elle  aussi.  pratiquement  ditniite  en  1911.  Le  MSY 
oonespondrait  a  une  produetion  annuelle  de45  000a  50  000  jeunes.  (4)  lies  Kouriles  (33  000). 
Cette  population  a  etc  d^truilc  au  dibut  du  .si^clc.  Les  phoqucs  des  ilcs  du  Commandeur  el  dc 
nie  Robben  contribuent  actuetlement  i  repeupler  les  tics  centrales.  (S)  lie  San  Miguel  (2  000). 
La  reproduction  y  a  ^te  a^nstatee  en  i%8.  Uen  que  la  presence  d'otaries  A  foumifc  ait  iit 
connue  deputs  Ic  d£but  du  sidclc  dcmicr. 

La  chasse  p^lagique  a  M  interdite  par  le  Traits  de  1911;  seules  les  trois  premiires 
populations  dnum^r^es  ci-dessus  font  actuellement  I'objet  d'une  chasse  commerciale  ^  terre. 
Les  auteurs  indiqucnt  les  taux  cl  les  donnt^es  d'cxploitation,  les  taux  dc  natality  et  de  mortality 
naturelle,  les  m^thodes  et  les  chifTres  du  recensement  de  ces  populations.  L'otarie  fourrure 
des  Pribilof  a  une  alimentation  teleetiqiie  el  pent  demeurer  longtemps  sans  manger.  Les 
auteurs  decriveni  ses  habitudes  ct  son  comp<irtement  alimentaires  ainsi  que  les  pnncipales 
cspeces  qui  comp*).seni  sa  nourrilure  (avant  lout,  des  poissons  sur  le  plateau  continental  cl  des 
calmars  dans  les  regions  p^lagiques).  Ik  todient  aussi  d'aulres  facteufs  dcologiques.  Les 
relations  trophiques  de  Totarie  a  fourrure  avec  les  autres  res>.ourees  viv  antes  et  les  organismes 
marins  du  Pacifique  nord  sont  peu  connues  et  ptxsent  un  probicnic  complcxc  rclatif  a  la 
distribution  de  la  rcssource.  L'importance  iconomique  de  cette  esptee  est  lite  non  seulenient 
a  ses  produits  (peau.  huile.  farinc)  mais  egalement  h  Tinfluence  qu'elle  exerce  sur  les  res- 
sources  des  peches  commerciales.  Alors  que  la  demande  de  produits  se  situe  a  un  niveau 
Stable,  rintdrCt  aocnt  du  public  pour  les  mammiftres  marins  laisse  penser  que  les  Allures 
poHtiques  de  gestkm  devraient  aussi  tenir  oompte  des  valeucs  esth^ues  el  didaciiques. 

Extracto 

Se  examina  la  biologia  demografica  v  amhiental  del  oso  marino  o  loho  de  dos  pclos. 
Caliorhinus  ursinus  (Linnaeus,  1 758).  cspecialmente  en  relacion  con  su  exploiacibn  por  parte 
del  hombre.  Se  estudian  la  abundanda  estimada  actual  (entre  partatesis),  la  trayectoria  de  la 
abundancia  a  lo  largo  de  la  historia.  los  movimientos  migratorios  \  las  me/clas  consiguientes 
dc  las  cinco  poblacioncs  dc  rcproductorcs  rcconocidas  por  la  Comision  dc  Focas  de  Picl  del 
Norte  del  Pidfioo:  ( I )  bias  Pribilor  ( I  300  000).  El  volumen  probable  de  la  poblaci6n  antes  de 
comen/ar  la  explotacion  era  dc  2-2.5  millones  de  animales.  v  disminuv^  a  unos  300  000  en  el 
momento  mas  bajo.  en  191 1-12.  A  mediados  de  e$le  siglo  se  registraron  fluctuaciones  dc  las 
capturas  anuales  que  dieron  lugar  a  un  programa  tmportante  de  reduoci6n  del  rebafio 
(incluidas  capturas  de  hemhras)  entre  1956  y  1963.  El  80  por  ciento  de  las  capturas  totales  han 
procedido  siempre  de  la  Isla  St.  Paul,  y  el  20  por  ciento,  aproximadamentc,  de  la  Isia 
Sl  Oeorge,  reservada  en  la  actualidad  como  zona  de  investig aciooes  (con  prohibici6n  de  explo- 
tacion). I. OS  iillimos  cdlculos  indican  un.i  proJuccu  n  optima  anual  para  obtener  el  rcndi- 
mienio  miximo  sosienible  dc  unos  36U  (XX)  animales  cn  ambas  islas,  lo  que  representa  una 
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rediiecion  respccto  do  cstimacioncs  anlcriorcs.  (2)  Islas  Commander  (265  000).  Esta  poblacion 
contaba  con  de  un  mill6n  de  animales  antes  de  su  rapido  depauperamiento  en  torao  a 
1900  y  su  destraocidn  casi  total  para  191 1 .  Se  caicula  que.  una  vez  restabledda  la  poblactftn.  d 
rendJiniento  anual  pcidria  scr  dc  iinos  40  000  animales;  la  tr.i\ cctoita  dc  la  produccion  en  los 
dlttmos  tiempos  indica  una  lenta  repoblacion  de  las  zonas  de  cria  diezmadas.  (3)  Isia  Robben 
(165  000).  Esta  pobIaci6n  qued6  tambitn  can  agolada  en  1911.  Se  hacen  proyecciones  del 
rendimicnto  maximo  sostcnihic  sobrc  la  base  de  Una  producci6n  anual  de  cachorros  de 
45  (HHi  50  (XX).  (4)  Isla.s  Kuriles  (3?  000).  Esta  poblaci6n  se  destruyo  a  comienzos  de  siglo:  los 
osos  niaiinos  de  las  Islas  Commander  y  Robben  contribuyen  a  la  actual  repoblacion  de  las 
islas oentrales.  (5)  Islade  San  Miguel  (2  000).  En  l968sedesiBulHi6queC.  urj/ni/jacudiaaesta 
isia  para  reprndudiwaunquehpiesenctadeestasammaksseoonodayadesdepiind 
siglo  pasado. 

La  em  peMgica  se  pn>hlbi6  en  191 1  por  un  tratado;  sAlo  las  ties  pruneras  pobladones 

mcncionadas  sc  explotan  cn  la  acliialidad  comcrfialmentc.  en  licrra.  Sc  dan  indices  y  datos  de 
cxplutacion  e  indices  de  nacimiento  y  de  niortalidad  natural,  y  se  indican  las  cifras  obtenidas 
en  los  censos  de  esas  poblaciones  y  los  mitodos  utilizados.  B  otario  C.  m^nus  es  oportunista 
desde  el  puntode vista  alimentarioy  puede  soportar  largos  periodos  dc  aviino.  sc  rcsumcn  siis 
hdbitos  alimoilaiiosy  su  comportamiento  en  ese  campo,  asi  como  las  pnncipalcs  cspecics  que 
le  sirven  de  aUmento  (ante  lodo,  peccs  que  viven  en  la  plataforma  continental  y  cahmuires  de 
zonas  peldgicas).  Se  examinan  tambi^n  otros  faclores  ecoldgicos.  No  se  conocen  bien  las 
relaciones  ir6ficas  del  oso  marino  con  otros  recursos  vivos  y  con  la  vida  marina  en  general  del 
none  del  Pacifico,  y  ello  plantea  un  complejo  problema  por  lo  que  se  refiere  a  la  asignacidnde 
los  recursos.  Para  el  hombrc.  la  importancia  econdmica  no  se  limita  a  las  pieies  y  otros 
produclos.  como  aceite  y  harina.  sino  que  hav  que  Icncr  en  ciicnta  tambicn  siis  repercusioncs 
en  los  recursos  pesqueros  comercialcs.  La  dcmunda  dc  ci)nsumo  dc  produclos  dcrivados  del 
OBO  marino  esti  actuabnente  establlizada,  pcio  el  cFeckofe  inler£s  de  la  opinite  pAblica  por 

losmamiTcros  marines  sii!:iero  que  en  las  politicas  futures  de  Oldenadta  habfAn  de  teneise 
tambiin  en  cucnta  los  valorcs  cstcticos  y  educalivos. 


R.H.  Lander 

Marine  Mammal  Division,  National  Marine  Fisheries  Sernee,  BuibBng  32,  7600  SamI  Point 
Way  NE,  Seattk,  Washington  98115,  USA 

//.  Kajimura 

Marine  Mammal  Division.  National  Marine  Fisheries  Service,  BuUeUng  32,  7600  Sand  Point 
WayNE,  Seattle,  Wasiiington  98115.  USA 
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Descripdoo 


iDENTtnCATION 

Scheffer  (1958)  provides  an  account  of 
pinniped  systematics  and  a  synoptic  key  to  the 
genefa.  By  contrast  with  the  polytypic  south- 
ern fur  seal  Arctocephalus.  Callorhinus  con- 
tains a  sin^e  species,  ursinus.  No  sub-species 
are  reoc^nized  (Taylor,  Fujinaga  and  Wilke, 
195S;  Rqienning,  Peterson  and  Hubbs,  1971). 


DlSTRIBUHON  AND  STOCK 
IDENTIFICATION 

Table  1  summarizes  by  decreasing  order 
of  estimated  cuixent  abundance  (including 
newborn  pups)  the  five  breeding  populations 
of  northern  fur  seal  recognized  by  the  North 
Pacific  Fur  Seal  Commission  (NPFSC) 
through  its  member  nations  of  Japan,  USSR, 
Canada  and  USA.  Breeding  on  San  Miguel 
Island  off  southern  California  was  discovered 
onW  in  1968  (Peterson,  LeBocuf  and  DeLong, 
1968)  but  the  island  is  known  to  have  been  at 
least  a  hauling  ground  early  in  the  last  century 
(Repenning,  Peterson  and  Hubbs.  1971).  Fig- 
ure 1  shows  the  breeding  islands  and  oceanic 
distribution. 

The  first  three  populations  in  Table  1 
(Pribilofs.  (^immanders  and  Robben)  are  ex- 
ploited commercially  on  land.  The  191 1  Treaty 
prohibited  oelagic  sealing  but  contained  no 
provisions  ror  research;  the  Treaty  was  abro- 
gated by  Japan  in  1941  and  pelagic  scaling  in 
the  eastern  and  central  North  Pacific  Ocean 
was  prohibited  by  an  interim  US-Canadian 
agreement  during  1942-57.  The  1957  Conven- 
tion then  reiterated  the  ban  on  pelagic  sealing 
and  provided  additional^  for  research  on  land 
and  at  sea.  With  effect  from  1973  for  an  uns- 
pecified number  of  years,  NPFSC  set  aside 
St.  George  Island  in  the  Pribilof  Islands  as  an 
area  of  intensive  research  (NPFSC,  1973; 
NOAA/NMFS,  1973)  for  the  purpose  of  de- 
322   tennining  and  quantifying,  as  a  basic  for  im- 


Tabte  1.  Estimated  abundance  or  oMrlhcnilM-smbtadiftoi 
from  Johmoa,  1975) 


Population 

Ownenhip  and  area 

of  seals 

(Thousands) 

Piibilor 
islands 

US,  eastern  Bering  Sea 

1300 

Commander 
hlunds 

USSR,  western 
Bering  Sea 

265 

Robben 
Island 

USSR  Sea  of  Okhotsk 

165 

Kuril 
Islands 

USSR.  Wcslcrn 
North  Pacific 

331 

San  Mlsuel 
Island 

US.  eastern  North 
Pacific 

2» 

Total 

I76S 

'  Enceedlty  IIIHOtMblllcatiinilcs  m  Johiivon's  Ubie  2  beOHMt  «f 
ooaiinuiaB  Kpp|Hiluioii  on  Ibe  Kuril  Uancb  ( N  PI-  SC  .  l97Sj ). 

'  Cm.  Y'tKm and  R.L.  DeLoa|  (penonal oHMunkalMm) note  IhM  Ail 
small  herd  is  pa*na%  rapidly,  judging  mm  fwp  piodwatoa.  aarf  any  wmltm 
abouiZOOOi 


proved  management,  the  ecological  and  be- 
havioural factors  which  control  population 
size  and  structure.  The  presently  unharvested 
population  on  St.  Geoi^e  Island  has  tradi- 
tionally contributed  about  20%,  and  the  St. 
l*aul  Island  population  about  80  %,  of  the  total 
kill  from  the  Pribilof  islands;  the  only  other 
rookery,  which  produces  about  20000  pujts 
yearly,  is  on  Sea  Lion  Rode  and  this  group  is 
not  harvested. 

Tag-recapture  studies  (Taylor,  hujinaga 
and  Witte,  1955;  NPFSC.  1962,  1969,  1971 
and  1975)  demonstrate  intermixture.  For  in- 
stance, an  estimated  12-21  %  of  males  (age  3-4 
years)  tagged  as  pups  from  the  1958-63 
year-classes  and  killed  on  die  Coromaoder  b- 
lands  (Bering  and  Medny)  originated  in  the 
Pribilofs:  82-88  %  were  from  home  and  only 
0.1-0.5  %  from  Robben  Island  (NPhSC,  1969). 
On  the  Pribilof  Islands  with  their  much  larger 
population  (NPFSQ  1969),  the  kill  contains  a 
fraction  of  1  %  from  all  Asian  rookeries:  lags 
from  Robben  Island  in  particular  are  rare. 
Oddly,  mixing  is  greater  oetween  Medny  b- 
hind  and  the  Pribiloft  than  between  Medny 
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Flu.  1.  -  Breeding 
islands  and  general 
cKxan  dLstributH>n  of  the 
northern  fur  seal. 


and  nearby  Bering  Island.  93  %  or  more  of  the 
seals  killed  on  Robben  Island  are  from  home, 
with  only  0.3- 1 .9  %  from  the  Commanders  and 
1.3-5.0%  from  the  Pribilofs.  On  San  Miguel 
Island,  most  of  the  tagged  animals  observed 
are  from  the  Pribilofs,  but  some  are  from  the 
Commanders  and  1  has  appeared  from 
Robben  Island.  Seals  from  the  Commanders 
and  Robben  Island  are  contributing  to  repo- 
pulation  of  the  central  Kurils;  a  few  tagged 
seals  from  the  Pribilofs  have  been  found  there 
also(NPFSC,  1970,  1973). 

The  possibility  exists  of  gene  flow  be- 
tween populations. 

Recovery  rates  on  land  from  pup  tagging 
are  usually  5-10%,  or  even  higher  when  lost 
tags  are  accounted  for  by  check  marks  made 
on  flippers  at  the  time  of  tagging.  Recovery 
rates  from  research  collections  at  .sea,  on  the 
Other  hand,  are  often  0- 1  %  when  broken  down 
by  area,  time,  age  and  sex.  The  few  recoveries 
make  oceanic  intermingling  estimates  uncer- 
tain. Problems  occur  also  in  developing  and 
reporting  these  estimates;  for  instance,  the 
estimated  annual  total  percentage  contribu- 
tions, by  age  and  sex,  of  seals  from  the  Pribilof 
Islands,  Robben  Island  and  the  Commander 
Islands  to  pelagic  catches  off  eastern  Japan 


during  1959-65  add  up  to  values  ranging  from 
0  to  286  %  (NPFSC,  1969):  the  actual  totals 
were  clearly  near  100  %  because  these  arc  the 
main  breeding  populations  (NPFSC.  1975). 

Off  eastern  Japan  during  1967-72,  63  % 
of  342  recoveries  (i.e..  9  %  of  3  756  seals  col- 
lected of  both  sexes  and  all  ages,  year-classes 
and  time  periods  combined)  were  from  Robb- 
en Island,  30  %  from  the  Commanders.  6  % 
from  the  Pribilofs  and  3  %  from  the  Kurils 
(NPFSC,  1975).  Earlier,  Taylor,  I'ujinaga  and 
Wilke  (1955)  estimated  tentatively  that  about 
30  %  (95  %  confidence  limits  of  15-50  %)of  the 
seals  aged  3-5  years  off  eastern  Japan  were 
from  the  Pribilofs.  Relative  rates  of  pup  lagg- 
ing on  the  islands  and  recoveries  at  sea  show 
more  clearly  that  over  96  %  of  the  animals  off 
western  North  America  .south  of  the  Bering 
Sea  are  from  the  Pribilofs. 


MlGRA  I  IONS 

Seals  from  the  Pribilofs  and  the  Com- 
manders migrate  as  far  south  as  30-32"N  on 
both  sides  of  the  Pacific  Ocean.  Seals  from 
Robben  Island  winter  mainly  in  the  Sea  of  323 
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Fig.  2.  -  Dtstribuiion 
ofnonhcm  fur  seals  in 
the  western  Pacific. 
1958-61  (from  NPFSC. 
I%2).  Black  haR  are  for 
males  and  white  for 
females:  dark  and  light 
shading  indicates  areas 
of  intensive  and  limited 
sampling  respectively. 


Japan.  Figs.  2  and  3  give  typical  distribution 
pictures  illustrating  that  migrations  are  speci- 
fic by  age  and  sex.  Males  over  4  years  old  are 
not  often  taken  on  either  side  of  the  Pacific 
Ocean,  but  are  taken  commonly  from  the  more 
self-contained  Robben  Island  population  in 
the  Seas  of  Japan  and  Okhotsk,  liarcm  bulls 


(58  %  9- 1 1  and  84  %  9- 1 3  years  old  as  shown  in 
Table  1  of  Johnson.  1968)  are  seldom  taken  at 
sea;  they  are  the  first  arrivals  on  land  and 
presumably  winter  closest  to  the  breeding  is- 
lands. One  can  only  speculate  as  to  why  fe- 
males predominate  in  the  southernmost  mi- 
grations; perhaps  the  energy  requirements  to 
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FlCi.3,  r)i>.iriSiiiiiin 
of  nonhcm  (urNcaLs  in 
the  c.Lslcm  P.Kilk. 
1958-61  (Irom  NPI  SC. 
1962).  Black  bars  arc  for 
mates  and  while  for 
fenudes;  dark  and  Gght 
shading  indicates  areas 
of  intensive  and  limited 
annpliQg  Kipeciively. 
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sustain  both  mother  and  foetus  cannot  be  met 
in  colder  waters  to  the  north. 

Pups  migrate  fix>m  the  islands  during 
October-November.  They  are  the  only  age 
group  for  which  total  population  counts  or 


estimates  may  be  obtained;  the  other  age 
groups  do  not  all  oome  out  on  land  at  the  same 
time,  and  they  segregate  on  land  and  at  sea  by 
age,  sex  and  maturity.  Representative  sam- 
pling is,  therefore,  difiicult  or  impossible.  32S 
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Census 
Mahods 

On  Robben  Island  (1  nx>kcr> )  pups  are 
normally  rounded  up  in  early  August,  before 
many  have  taken  to  the  water,  and  counted  by 
driving  them  past  observers.  Counts  and 
tag-recapture  estimates  in  the  year  of  birth  are 
used  on  the  Commander  Islands  (4  rookeries). 
Direct  counts  were  made  on  the  Pribilof  Is- 
lands during  1912-24  (21  rookeries  at  present); 
repopulation  then  made  counting  impractical 
on  most  rookeries.  Pup  census  data  were  not 
taken  during  1925-46  and  Kcnvon.  SchctTcr 
and  Chapman  (1954)  give  6  methods  of  pup 
estimation  on  the  Pntrilors  during  1947-51 
which  are  primarily  of  ijistoric  interest  now; 
foeov  weather,  high  pup  density  and  limited 
Ullage  resolution  have  prevented  a  successful 
pup  census  by  aerial  photography.  The  main 
method  of  estimating  pup  production  during 
1947-60  on  the  Prihilofs  was  tagging  pups, 
then  recovering  tags  in  the  kill  at  ages  2-5  years 
(about  90  %  were  between  3  and  4  years  old)  to 
estimate  the  number  of  pups  alive  at  the  time 
of  tagging.  Tagging  estimates  were  found  to  be 
higher  than  actual  populations  (Roppel  et  ai, 
1966),  however,  and  smoe  1961  have  gradually 
been  replaced  by  shearing  a  patch  of  fur  off 
the  head  in  early  August  and  sampling  about 
1-2  weeks  later  for  marked/unmarked  ratios  in 
the  year  of  birth  (Chapman  and  Johnson, 
1968).  Dead  pup  counts  are  added  to  live  pup 
counts  or  estimates  on  USSR  and  US  rookeries 
to  estimate  the  number  bom. 

Harem  buUs  and  idle  buBs 

These  are  counted  in  June  and/or  July 
and  August  Chapman  (1964)  suggests  that 


harem  bulls  of  the  Pribilofs  spend  about  one 
quarter  of  their  time  at  sea  during  the  breeding 
season  and  idle  bulls  about  half  their  time  at 
sea  and  half  on  land. 

\\  is  usuallv  impossible  to  count  mature 
females  because  of  their  high  density  in  ha- 
rems. They  can  be  estimated  indirectly  by  di- 
viding the  counted  or  estimated  number  of 
pups  born  by  the  average  pregnancy  rate  (i.e.. 
a  cow  bears  1  pup  as  noted  by  Kenyon. 
Scheffer  and  Chapman,  1954).  The  pregnancy 
rate  must  be  estimated  from  pelagic  sampling, 
however,  and  this  is  complicated  by  the  fact 
that  animals  younger  than  about  8  are  seldom 
fully  represented  (Chapman,  1964). 

YtatSm^  and  older  mimab 

Estimates  of  numbers  from  tag-recapt- 
ure studies  have  been  made  on  the  Prihilofs. 
Even  after  corrections  for  tag  loss  and  for  un- 
certainty about  actual  age  at  the  time  of  tagg- 
ing, however,  estimated  yearling  abundance 
can  var\  bv  a  factor  of  2  or  more  between 
different  ages  of  recovery  from  a  given 
year-class  (NPFSC,  1%9,  1975).  D.G.  Chap- 
man (various  reports  of  U.S.  fiir  seal  investi- 
gations) prefers  the  tag  returns  at  age  3  for 
estimating  yearling  abundance  for  kill  fore- 
casts. The  latter  are  uncertain;  errors  for 
1965-74  ranged  from  25  to  48  %  annually  for 
ages  3  and  4  years  combined. 

Age  compositioH 

This  is  determined  by  counting  annular 
ridges  on  the  upper  canine  teeth  from  dead 
animals  (Scheffer,  I950X method  is  routi- 
nely applied  to  pelagic  research  collections,  to 
the  commercial  kill,  and  less  often  to  the  rela- 
tively few  animals  cridCT  than  pups  that  are 
found  dead  each  year  oa  land.  On  the  Prib- 
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ilofs,  a  daily  20  %  sample  is  obiaincd  to  esli- 
malc  Ihc  age  composition  of  the  kill  (e.g.,  Ma- 
rine Mammal  Biological  Labonitoiy,  1971); 

the  accuracy  of  age  readings  from  commerci- 
ally killed  animals  (mainly  2-5  year  males) 
exceeds  98  %  (Anas,  1970). 


ISqpr  «r  ckdk  marks  mi  fSppen 

These  are  detected  on  the  killing 
growids  or  during  processing  oi  carcasses  after 


TMe  2. 


Year  Si.  Paul  Island'  Year 


1920 

143 

1958 

1921 

ISO 

1959 

1922 

159 

1960 

1950 

451 

1961 

1951 

447 

1962 

1952 

438 

1963 

1953 

445 

1964 

1954 

450 

1965 

1955 

461 

1966 

1956 

453 

1967 

1957 

420 

I%8 

1958 

387 

1969 

1959 

335 

1970 

I960 

320 

1971 

1961 

337 

1972 

1962 

278 

1973 

1963 

264 

1974 

1964 

285 

1965 

267 

1966 

296 

1967 

284 

235 

1969 

234 

1970 

230 

1972 

260 

1973 

305 

1974 

269 

1975 

278 

<  1920-22  iiu)  I9S0.6S  fmin  Chapman  (I4T3): 

l«>6  ftiiiti  Mannr  M.imm^il  Hiolopiial  1  .ihnrjlorv  ( l<>69V, 

I**"*  fr.im  Mjrinc  M.imm.il  Kiol.^tiv.il  l.jK,.rJl.ir>  (IITI): 

1970  rriini  Mjrine  M;iiiimal  Hu>k>Ku:iil  Laboralorv  <  1971a): 

1967-68  and  1972-74  rmin  NOAA  Marine  Manmal  ENvteioa  Cl%7): 

omint\  or  ntimaics  Tor  1923-49  and  1971  ue  not  avaiktile  or  are  wucaliMic. 

'  1958-63  from  NPFSC  (1971); 

1964-66  from  Arvrnkv  (1964.  IMS,  t9Ml; 
1967-72  ffom  Nl'l  S(  (1975): 
1973  ffon  NPFSC  (1974); 
t9M  Aim  NPFSC  (19731). 


pells  are  stripped,  hxamination  of  flippers  on 
slowly-moving,  suspended  carcasses  at  the 
processing  plant  on  St.  Paul  Island  (effective 
since  1965)  may  be  the  world's  best  system  for 
detecting  permanent  tag$  and  marks  from 
marine  mammals. 

Results 

Table  2  gives  counted  or  estimated 
numbns  of  pups  bom  in  the  exploited  popu- 


Robben  Island^  Commander  Idands' 


32 

38 

35 

41 

38 

45 

41 

48 

45 

52 

49 

56 

51 

58 

48 

59 

45 

61 

56 

55 

46 

61 

44 

59 

32 

62 

41 

66 

44 

61 

35 

54 

33 

69 

ComUc4  m-  cstioMlcd  MUiker  of  pnpe  born  m  S(.  Paul  btaad  (PribHob),  RoMm  HIiMi  iM  die  ConnuHkr  Mands 
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lations.  St.  Paul  Island  accounts  for  about  80  % 
of  the  Pnbilofs'  production,  as  noted  earlier; 
values  are  not  given  for  St.  George  Island  be- 
cause Chapman  (1%1,  1964,  1973)  used  only 
the  Si.  Paul  Island  data  to  estimate  maximum 
sustainable  vield  (MSY)  for  the  Pribilofs'  pop- 
ulation (1912-24  values  for  both  islands  are  in 
Table  S).  Estimates  for  1967-68  and  1972-74 
are  based  on  data  collected  only  on  sample 
rookeries  in  order  to  reduce  disturbance  of  the 
seals,  and  no  data  were  collected  on  any  rook- 
eries in  1971  (NOAA,  Marine  Mammal  Di- 
vision, 1976).  The  1975  estimate  indicates  an 
increase  of  about  20  %  above  the  low  level  of 
1969-70. 

Counts  of  harem  and  idle  bulls  are  in 

Table  3  for  the  Pribilof  Islands  and  in  Table  4 
tor  the  Commander  Islands  and  Rohben  Is- 
land. The  1975  counts  on  the  Pnbilof  islands 
indicate  for  both  harem  and  idle  bulls  a  re- 
versal of  the  steady  decline  which  followed  the 
peak  counts  of  1961.  Size  limits  on  harvested 
animals  have  been  adjusted  to  regulate  the 
escapement  of  males  into  the  breeding  stock. 


Rates 


Birth  rates  —  reproductive  potential 


1  able  5  gives  the  numbers  of  pups  born 
during  periods  of  sustained  increase  from  re- 
population  in  the  main  breeding  populations. 
Fig.  4  shows  least  squares  regression  lines.  The 
expected  number  of  pups  born  in  the  first  and 
last  years  were  equated  by  the  average  annual 
percentage  increases  in  Fig,  4:  8.5  %  per  year 
for  the  Pribilofs.  6.5  %  per  year  for  the  Com- 
manders, and  6  %  per  year  for  Robben.  The 
slight  variability  about  regression  is  notewor- 
thy: one  can  conclude  wim  reasonable  confi- 
dence that  6-10  per  year  (average  8  per 
\  car)  is  the  maximum  rate  of  increase  when 
population  density  is  low. 


Natural  mortality  rates 

Published  estimates  for  the  USSR  rook- 
eries emphasize  the  mortality  of  pups  on  land 
and  the  index,  kill /newborn  pup,  which 
includes  land  and  ocean  mortality  of  males 
through  the  ages  of  harvest.  One  exception  is 
Ichihara's  (1972)  work  on  the  Robben  Island 
population  which  gives  the  following:  20  %  per 
year  in  males  ol  2-7  years.  32  ^'  per  year  in 
bulls  of  7  years  and  older,  and  10  %  per  year  in 
adult  females  of  3  years  and  older.  The  latter 
compares  closely  with  1 1  %  per  year  by  Chap- 
man ( l%4)  for  adult  Pribilof  females. 

Johnson  (1968)  estimated  38  %  per  year 
as  the  annual  mmtality  of  breeding  males  of  10 
years  and  older.  The  rise  in  mortality  rate  of 
males  with  age  is  presumably  due  to  fighting 
and  fasting  to  hold  breeding  territories. 

The  mortality  of  pups  on  land  is  of  spe- 
cial significance  because  it  evidently  can  be 
density  dependent.  Table  II  of  Kenvon, 
Scheffer  and  Chapman  (1954)  shows  pup 
mortality  was  7-8  %  in  pelagic  sealing  days 
before  1910,  when  pregnant  and  nursing  fe- 
males were  killed.  It  then  ranged  from  only  1 .7 
to  3.1  %  during  1914-24  when  the  herd  was 
small  and  growing  rapidly  By  1949-51  when 
the  population  was  very  large,  it  increased  to 
12-17  %.  and  in  the  mid-fifties  may  have  ex- 
ceeded 20  %  in  a  few  year-classes  (100  000  or 
more  dead  pups  counted).  Striking  variations 
between  rookeries  are  possible:  e.g..  3-39  %  on 
St.  Paul  Island  in  1950  (Kenyon.  Scheffer  and 
Chapman,  1954).  Recent  pup  mortality  on  US 
and  USSR  rookeries  averages  about  10  %  per 
year,  but  can  vaiy  widely  between  years  as  well 
as  rookeries.  Hookworm  disease,  emaciation 
syndrome,  and  an  infection  caused  by  a  spiro- 
diaete  bacterium  account  for  about  2/3  of  dl 
pup  mortality  of  the  Pribilofs  (NOAA  Marine 
Mammal  Division.  1975).  The  proportion  of 
deaths  from  hookworm  disease  can  vaiy  sub- 
stantially between  rookeries  (Marine  Mammal 
Biological  Laboratory,  1971a);  2%  or  less  of 
the  pups  born  on  the  Pribilof  Islands  in  recent 
year-classes  have  died  from  hookworm  dis- 
ease although  high  pioportions  of  the  pups 
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9.  UDnn 

ia(aild^iil)r)MllicPrili 

noTlsiaads 

1911-75  (A  daikMh 

aMcsaodata) 

St  Paul  Idand 

SL  Georee  Island 

Both  Islands 

Harem 

Idle 

Harem 

Idle 

Harem 

Idle 

1911 

1  xrAt 

238 

^1 

11 

1912 

1  U  /  / 

Vj 

IQ  1 

m 
M 

1 

1  .^?f> 

1913 

1  1 

Jol 

iris 

1914 

1  316 

l?9 

243 

1  .< 

1  »v 

1  1  . 

191S 

1  789 

Mo 

362 

in 
127 

2  151 

67  J 

1916 

2  948 

1  I'M 

2  278 

552 

354 

3  500 

2  632 

1917 

4  1 16 

2  341 

684 

365 

4  850 

2  706 

1918 

4  610 

2  245 

734 

199 

5  344 

9  AAA 

2  444 

1919 

4  573 

2  158 

585 

SI 

5  158 

2  23" 

1920 

3  542 

I  078 

524 

83 

4  (Ki6 

1  161 

1921 

3  443 

711 

466 

36 

3  909 

"74^ 

1922 

3  184 

493 

378 

IS 

3  562 

508 

1923 

3051 

303 

361 

9 

4  ^ a^ 

3412 

312 

1924 

3  127 

375 

389 

15 

3516 

390 

1925 

3  103 

283 

423 

28 

3  526 

31 1 

1926 

3478 

368 

556 

55 

4  034 

423 

1927 

3916 

846 

727 

126 

4  643 

972 

1928 

5  059 

1  208 

991 

241 

6050 

1  449 

1929 

5  998 

1  339 

1  189 

294 

7  187 

1  633 

1930 

1  c  c  c 

1  4tsy 

T  A  A 

344 

U  1  1  T 

1  BW 

1931 

7  557 

■  CIA 

1  519 

1  X?4L 

1  o7o 

Jdv 

a 

V  iZJ 

1  OOO 

1932 

8  268 

1  940 

1  ov\ 
1  o20 

Ana 

lA  /WO 

i  Mrf 

1933 

K  .5.14 

1  933 

1  o/V 

Wo 

in  ^  11 

1 U  Z 1 

1934 

S  841 

1  860 

1  929 

422 

lU  77U 

2  282 

9  444 

2  082 

1/11 
2  103 

i  1  547 

2  539 

1936 

10  055 

2  253 

1937 

10  689 

2  516 

2411 

515 

13  100 

9  A4  1 

3  031 

1938 

10  720 

1  787 

1939 

9  122 

2616 

1  858 

357 

a  A  AAA 

10980 

2973 

1940 

9662 

3  %8 

1  988 

571 

11  650 

4  539 

1941 

10089 

5  059 

1  942 

396 

1*1  A1 1 

12  031 

5455 

1942 
1943 

10  94S 

— 
3  523 

2  107 

330 

13  055 

— 

3  853 

1944 

1  1  OKfl 

2  539 

2  294 

450 

13  374 

2  989 

1945 

10  750 

4  055 

2  434 

750 

13  184 

4  805 

1946 

10  566 

3  605 

2  430 

61 1 

12  996 

4216 

1947 

10  160 

3  331 

1  808 

479 

11  968 

3810 

1948 

10386 

3400 

1  814 

563 

12  200 

3  963 

1949 

9  554 

2  976 

1  746 

552 

1 1  300 

3  528 

1950 

9  442 

3  152 

1  959 

574 

1 1  40 1 

3  726 

1951 

9  434 

3  581 

1  825 

549 

1 1  259 

4  130 

1952 

9  318 

4  717 

1  983 

605 

1  1  3(11 

5  322 

1953 

9  848 

5  912 

2  285 

826 

12  133 

6738 

1954 

9906 

6847 

2  228 

1311 

12  134 

8158 

I9SS 

9034 

8  650 

2  130 

1902 

11  164 

10552 

1956 

9  384 

9016 

1957 

9562 

10060 

2423 

2  693 

11985 

12  753 

1958 

9  970 

9510 

2619 

3  030 

12  589 

12  540 

1959 

10  003 

11485 

2  527 

2  699 

12530 

14  184 

19WI 

10  247 

111407 

2  552 

2  630 

12  799 

13  037 

1961 

1 1  163 

II  791 

2  843 

2  489 

14  006 

14  280 

1%2 

10  332 

9  109 

2  342 

2  650 

12  674 

11  759 

1963 

9212 

7650 

2071 

1890 

11283 

9540 

1964 

9085 

7095 

1989 

1489 

11074 

8  584 

I%5 

8  553 

5616 

1917 

1  113 

10470 

6  729 

1966 

7  974 

5  839 

1974 

1017 

9  948 

6  856 
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T«Ue  3.  CMOIt  «r  catlnates  of  hana  ud  Me  kalto  (tM-Mf)  on  dw  ItHlif  Mudi  IMLTS  (A  ink  taikalct  m  *ta) 

(eoneUukd) 

S(.  i'aul  Island  St.  George  Island  Both  Islands 

Year 

Harem  Idle  Harem  Idle  Harem  Idle 


1967  7  230  4  439  1  646  1  268  9  876  5  707 

1968  6176  3100  1748  1283  7924  4383 

1969  5  928  2  535  1  457  677  7  385  3  212 

1970  4  945  1  666  1  466  803  6  411  2469 

1971  4  200  1  900  1  235  534  5  435  2  434 
1472  3  738  2  384  1153  328  4  891  2712 

1973  4  906  2  550  875  375  5  781  2  925 

1974  4  >6^  1782  822  481  5  385  2  :(';^ 

1975  5  018  3  535  877  1  427  '  5895  4  962 


coniracl  il  (M.C.  Keyes,  pcr>>onal  com- 
municatioii).  Mortality  on  UinA  lasts  about 
6  weeks  and  is  mainly  over  by  mid-August 
(Kenvon,  SchcfTer  and  Chapman,  1954), 

Chapman  (1964)  noted  for  the  Pribilofs 
population  that  a  natural  mortality  of  SO  %  in 
the  first  year  of  life  and  20  %  per  year  from  ages 
1  to  3  vcars  would  be  consistent  with  the  ob- 
served return  of  males.  He  used  20  %  per  year 
for  males  of  3-7  years.  There  is  some  evidence 
(Chapman.  1964:  Ichihara.  1972)  that  natural 
mortality  of  males  exceeds  that  of  females  up 
lo  3  years;  in  his  latest  work  on  MSY,  Chap- 
man (1973)  uses  1.1  as  the  ratio  of  female  to 
male  recruitment  at  3  years. 

Harvesiitn^  rates,  commercial  and  inci- 
dental kill 

The  USSR  reports  harvesting  rates  as 
die  total  kill  of  males  divided  by  the  n  u  m  ber  of 
male  pups  born  (the  sex  ratio  at  birth  and  in 
foetuses  from  pelagic  samples  is  very  nearly 
1:1).  Vahies  for  the  1962-67  year-classes  of 
22-44  %^  for  Robben  Island  and  32-42  'I  for  the 
Commander  Islands  (NPl  SC".  1975)  include 
variations  in  land  and  ocean  mortality  up  to 
the  ages  of  harvest  (mainly  2-5  years).  The 
range  of  20-31  %  for  the  Pribilofe  (1961-66 
year-classes)  suggests  a  lower  average  survival 


in  the  eastern  Bering  Sea  and  North  Pacific 
Ocean. 

Age-specific  exploitation  rates  are  un- 
certain even  for  the  Pribilofs  population  be- 
cause of  difficulty  menuoncd  earlier  with 
tag-recapture  studies  (i.e.,  where  estimated 
yearling  abundance  varies  widely  with  age  at 
recovery).  However,  the  tagging  data  do  pro- 
vide a  good  picture  of  relative  rates  and  a  fair 
guess  at  absolute  rates:  S  5S  at  age  2,  50  %  at 
age  3 .  70  at  age  4  and  30  %  at  age  5  (the  latter 
figure  is  the  most  uncertain). 

Table  6  gives  the  kill  of  males  by  age  on 
the   Pribilof  Islands    from    the  1954-72 

J rear-classes.  Data  from  the  Commander  Isi 
ands  and  Robben  Island  for  the  1956-72 
year-classes  are  given  in  Table  7. 

Annual  kills  during  1871-1975  for  the 
Pribilofs  arc  given  in  Table  8.  l  o  further  speed 
repopulation  after  the  1911  ban  on  pelagic 
sealing,  the  US  prohibited  commercial  sealmg 
during  1912-17.  when  the  only  kill  of  males 
was  for  food.  Kills  o[  females  were  accidental 
or  for  research  except  dunng  1956-63,  when 
the  population  was  purposely  reduced  m  the 
most  important  management  action  since  the 
1911  Treaty,  and  during  1964-68  when  the 
calculated  female  contribution  to  MSY  was 
harvested.  Annual  kills  of  males  during 
1871-90  and  1958-74  for  the  Commander  Is- 
lands and  during  1958-74  for  Robben  Island 
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Robben  Island  ComaMnder  Islands 

Year 

Harem  Idle  Harem  Idle 


1958 

516 

51  K» 

595 

251 

1959 

666 

700 

691 

399 

l%0 

869 

1  146 

846 

821 

1961 

93S 

1490 

933 

1032 

m2 

1018 

1612 

751 

1078 

1056 

1409 

1  215 

927 

1964 

857 

1  595 

2  495 

1  892 

l%5 

741 

1  472 

1  573 

4  670 

1%6 

1274 

1  m) 

2  330 

5  403 

1967 

1  0()8 

930 

1  789 

3  853 

1968 

1002 

1250 

2  390 

2661 

1969 

754 

1250 

2170 

1661 

1970 

848 

1  120 

1727 

1  196 

1971 

910 

954 

1541 

813 

1972 

603 

544 

1031 

690 

1973 

356 

m 

750 

858 

1974 

280 

260 

280 

260 

■  nSMI  flNm  NPFSC.  IM2:  IM2-«3  ftom  NPFSC.  1971:  196446  nd  1963  from  Aneiriev  (1964.  t96S.  1966^  1973):  1974  Ann  hcKc  RcMMCh  liiMiiwe  of 
FlriigiMfnNllO)  wd  AlWnioa  lUmicli  taMitule  of  MariM  Fishciici  nd  Oeeanopsphy  (VNIROli  1974. 


are  also  in  Table  8.  Females  have  been  killed 
only  accidentally  or  experimentaUy  on  the 
USSR  islands. 

Fukuhara  (1974)  estimates  that  roughly 
3  150-3  750  northern  fur  seals  are  killed  inci- 
dentally each  year  by  the  JaiMnese  mothership 


fishery  for  salmon  west  of  175"W.  No  estimates 
are  available  of  the  kill  by  origin,  but  these 

seals  arc  undoubtedly  from  the  Commander 
and  Fribilof  Islands.  Nishiwaki  (personal 
communication)  believes  the  mothership 
fishoy  takes  about  7  ODD  per  year. 


Table  5.  Number  otpups  (Ibousands)  born  during  1912-24  on  the  I'ribilof  Islands  (Kenvon,  SchclTer  and  Chapman,  1954)  and  during 
I9SB44  M  RaMea  Maad  ud  the  CmnBuder  fabiida  <NPF9C  196^ 

^car  Pribilol  Islands'  Year  Kobbcn  Island  Commander  Islands 


1412 

82 

1958 

32 

38 

1913 

92 

1959 

35 

41 

1914 

93 

1960 

38 

45 

1915 

104 

1961 

41 

48 

1916 

117 

1962 

45 

52 

1917 

128 

1963 

49 

56 

1918 

143 

1964 

51 

59 

1919 

157 

1920 

168 

I92i 

177 

1922 

186 

1924 

208 

•  No  4M  a«ailaUt  Car  1913. 
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CO 
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1912 
or 

1956 


1918 
or 

1962 


1924 
or 

1968 


Fl(i  4      Nunihcrs  <>( 
pups  Kim  annualK 
durini?  pcnods  of 
incre;ise  on  Ihc  Pribilof 
Islands  (1912-24)  and 
on  the  Commander 
Islands  and  Robber 
blaod(19S&4>4i 
Average  anflu.i 
percent. •ncrciv'.  arc- 
from  first  .iiid  f.isi  \c.its 
as  (.■\pvi.  li\l  lioni 
a'grcs&ion  Lines  shuu  n 


Trcncl  in  abundance  (historical  devel- 
opment) 

The  Commander  Islands  population  was 
over  I  million  before  its  rapid  depletion  at  the 
turn  of  the  cenlurj  and  near-deslruction  by 
191 1  (NikuUn,  1971).  F.G.  Chebiokov  (person- 
al  communication)  notes  that  there  were  25 
rookeries  on  the  Commanders  in  the  last  cen- 
tuiy  and  the  population  may  have  numbered 
1.5  to  2.0  miUion.  It  is  interesting  that  the  ratio 
of  former  to  present  rookeries  (25/4  =  6.25), 
when  multiplied  by  the  current  estimate  of 


265  000  (Table  I),  by  assuming  no  change 
in  average  number  per  rookery,  suggests  a 
population  of  1.7  million. 

The  total  kill  of  males  is  hiehlv  correlated 
in  all  exploited  stocks  with  the  kill  at  age  3 
(r  >  0.9).  Fi^.  5  shows  the  mcreasmg  trend  of 
pup  production  during  1958-66  on  the  Com- 
mander Islands,  along  with  an  cve-fltted  curve 
which  indicates  density-dependent  mortality 
on  land  and  MSY  when  50  000-55  000  pups 
are  bom  annually. 

Nikulin  (1971)  projects  an  annual  yield 
(of  2-5  year  males)  of  at  least  40  000  when  the 
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TaMe  6.  Kill  of  male  seals  by  ace  on  ihe  Piftlor  Muds,  1954-72  yeiMluMs.  (DMb  hMMts  incwnplcte  icMinis  «r  M»  UD  on  St 

Geofje  Island  afler  1972) 


Year- 

St.  Paul  Island 
Ag«  when  killed 
3  4 

c 

J 

Subiouil 

I 

St  Geoige  Island 
Age  when  killed 
3  4 

5 

Subtotal 

Total 

J  VI K 

23  473 

5  5W 

M  >'44 

6  651 

2  779 

I02 

lU  Ml 

42 

1953 

t  C 

1  ul^ 

27  S63 

10  555 

111  c  jy 

7  246 

2  825 

lU  KHd 

I9xi 

KX5 

10  671 

2  762 

532 

14  850 

1  *T  1 

171 

:  :m 

1  .VS'' 

218 

4  02 

1957 

24  283 

1 5  344 

/  /J 

42  vV(J 

5  098 

4  492 

244 

10  07() 

53  066 

I9S8 

1  977 

48  458 

14  149 

1  587 

66  171 

43 1 

9  413 

3  707 

540 

14  091 

80  262 

toco 
1959 

2  o2U 

26456 

14  184 

1  764 

>l< 

45  224 

891 

5  890 

4  690 

492 

1 1  963 

5/  187 

1960 

1619 

14310 

10533 

1240 

27  702 

636 

4332 

2  579 

178 

7  725 

35427 

1961 

1098 

22468 

12  046 

1  270 

36  882 

921 

6948 

2  592 

502 

10  %3 

47845 

1M2 

2  539 

19009 

12  156 

1  287 

34  991 

1  139 

3  736 

3  881 

392 

9  148 

44  139 

1963 

1  2(>4 

IS  -i^S 

11  785 

1  542 

40  126 

167 

5  586 

3  738 

406 

9  897 

50  023 

1964 

3  143 

26  m\ 

13  279 

1  469 

44  882 

391 

7  622 

3  680 

6W) 

12  373 

57  255 

1965 

2  200 

18  706 

10  565 

731 

32  202 

740 

4  443 

2  2(.V4 

547 

7  934 

40  136 

1966 

1673 

17  826 

11548 

1338 

32  385 

443 

2645 

2  274 

467 

5  829 

38  214 

1967 

2640 

22176 

12S03 

218S 

39S04 

411 

2916 

559 

6403 

10289 

49793 

1968 

1  725 

12888 

14932 

721 

30266 

98 

1456 

2123 

1969 

323 

15024 

10800 

1631 

27  778 

32 

1442 

1970 

916 

16  337 

15  533 

57 

1971 

577 

14  652 

1972 

1025 

population  IS  restored.  Declining  pup  produc- 
tion and  numbers  of  bulls  in  recent  years 
(Tables  2-4)  have  caused  concern  (NPFSC, 

1973,  1974),  however,  and  experience  on  the 
Kuril  Islands  population  -  destroyed  near  the 
turn  ol  the  century  and  presently  with  only 
about  33  000  animals  despite  the  absence  of  a 
commercial  kill  (NPFSC.  1975a)  -  indicates 
slow  ropi^pulation  on  decimated  rookeries. 
Considering  the  sile-speciilc  nature  of  harems, 
A.M.  Johnson  (personal  communication)  has 
postulated  that  density-dependent  mortality 
mav  even  (xxiir  at  (he  harem  level  before  a 
population  rchabitates  all  other  available  sites 
on  a  rookery. 

Seals  on  Rohben  Island  were  also  near 
depletion  in  191 1  (Nikulin,  1971).  Fig.  6  shows 
an  increase  in  numbers  of  pups  born  during 
1958-64.  The  curve  is  very  poorly  defined  by 
comparison  with  the  curve  for  the  Comman- 
ders, hut  suggests  MSY  when  about  50  000 
pups  are  born.  Ichihara's  (1972)  computations 


indicate  MSY  of  14  000  (6  000  males  and  8  000 
females)  when  45  000  pups  arc  bom  (Fig.  7). 

Conflicting  values  have  been  reported 
for  the  primitive  abundance  of  the  Pribilofs 
population  in  1786  when  the  islands  were  dis- 
covered and  in  1911-12  when  the  population 
was  at  a  minimum.  Harry  ( 1974)  has  reviewed 
the  early  reports  and  resolves  them  as  follows 
in  the  light  of  present  evidence  that  newborn 
pups  are  about  1/4  of  the  total  population: 
when  Alaska  was  purchased  from  Russia  in 
1867»  the  population  was  probably  2  to  2.5 
million  and  this  also  seems  likely  to  be  the 
range  for  the  pre-exploited  population.  The 
population  was  probably  about  300000  at  the 
low  point  in  1911-12. 

Fig.  8  (from  Johnson,  1971)  shows  that 
the  maximum  rate  of  increase  in  the  kill  was 
during  1925*35.  The  '*best  estimate**  of  pups 
born  was  developed  by  assuming  an  increase 
of  8  per  year  until  1930,  when  the  rate  of 
increase  in  the  male  kill  began  to  decUne.  333 
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dMamikUe) 

_ 

Year-das  bland 

23436789  10 


I9S6 

c 

34 

513 

1  709 

R 

89 

1976 

1670 

1957 

c 

2 

1  036 

2027 

R 

88 

2  116 

1584 

1958 

c 

54 

2  484 

2  109 

R 

124 

3  221 

1  711 

r 

127 

3  570 

2  403 

R 

340 

3070 

1734 

414 

40S3 

2446 

R 

480 

3387 

!  852 

/» 

\p> 

S77 

f 

fi  '?23 

2  M 14 

R 

459 

4  320 

1  869 

f\  Mil 

2  171 

R 

1  032 

4  678 

1  598 

R 

1  336 

4  199 

1  839 

V- 

2  690 

D 
l\ 

SI  1 
oil 

1965 

c 

496 

5510 

1756 

R 

1  014 

1  341 

1966 

C 

617 

5  621 

2  280 

R 

I486 

3  360 

1026 

1967 

C 

608 

5  573 

2  272 

R 

1  833 

4  580 

1662 

1968 

C 

711 

4923 

1417 

R 

874 

525 

7X6 

1969 

C 

562 

3414 

401 

R 

613 

2975 

544 

1970 

C 

675 

1690 

337 

R 

1657 

2609 

174 

1971 

C 

276 

1  222 

R 

935 

1747 

1972 

C 

136 

R 

556 

339 
460 

20 
214 

0 
226 

3 
166 

0 
3 

7 
46 

279 
496 

18 

205 

2 
73 

2 

3 

18 

113 

0 
74 

311 

684 

95 
52 

5 
13 

40 

157 

1 

121 

0 
45 

776 
379 

143 
77 

79 
110 

1 

141 

0 
83 

0 
7 

779 
450 

185 
130 

17 

255 

6 
105 

0 
18 

0 
4 

588 
557 

52 
594 

9 
175 

0 
28 

8 
9 

0 
87 

418 
119 

103 

420 

4 

34 

1 

42 

0 
69 

I) 
1 

571 
673 

37 
93 

4 
96 

0 

53 

0 
1 

0 
0 

283 
242 

50 
127 

70 

II 
") 

0 
2 

0 
0 

396 

275 

37 

200 

1 

13 

0 
0 

0 
0 

339 
517 

0 
107 

0 
3 

0 
0 

49 
362 

0 
10 

2 
0 

10 
30 

14 
5 

2 
0 

From  1930  until  1947  (when  pups  were  first 
tagged  to  estimate  their  abundance),  the  pup 
curve  was  fitted  to  reflect  the  shape  of  the  male 
kill  curve. 

Fluctuations  in  the  kill  (3-year  moving 
average)  are  evident  during  1940-45  and  (al- 
thoudn  not  shown)  occurred  also  in  the  next 
decade.  Thus,  the  kill  from  the  1956  year-class 
334    was  a  record  low  of  about  19  000  (Table  6) 


despite  the  high  p<^pulation  le\el  The  dead 
pup  count  in  1956  exceeded  100  000:  by  this 
time  it  was  evident  that  the  rookeries  were 
overcrowded  and  that  the  earlier  increase  in 
male  kill  had  given  wav  to  erratic  nucluations. 

The  4  nations  recognized  this  in  their 
dtscussions  leading  to  the  19S7  Interim  Con- 
vention. Since  Japan  also  advocated  pelagic 
sealing  on  the  grounds  that  excessive  seu  pop- 
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Illations  were  damaging  her  fisheries  (Japan 
abrogated  the  1911  Treaty  in  1941  on  these 
grounds),  the  herd  reduction  programme  with 
Its  female  kills  as  mentioned  earlier  was  begun 
in  1956,  when  28  000  were  taken  (Table  8). 

Nagasaki  (1961)  and  C  hapman  (1961) 
published  MSY  estimates  using  the  relation 
between  the  return  or  kill  of  males  and  the 
estimated  pup  production.  These  estimates, 
although  tentative,  agreed  that  optimum  pup 
production  on  the  Pribilofe  was  about  480 000. 
At  this  level  the  estimated  annual  MSY  was 
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Table  8.  Kill  ofsctUs  on  the  Fribiiof  blands  by  wx  aad  kill  of  auks  oa  llie  Connniidcr  Islamb  and  Robbcn  Island.  187M975.  (Oa«h 
tadkaics  no  data  araflaUe  to  prewnt  aalkois) 

Pribilot  Islands' 

Year  Commander  blands*         Robben  bland 

Male  Female 


1871 

102  960 

— 

12  500 

— 

1872 

108  819 

— 

26  898 

1873 

109  117 

— 

28  091 

1874 

1 10  585 

— 

28  584 

— 

1875 

106  460 

— 

36  274 

— 

1876 

94657 

— 

24326 

1877 

84  310 

— 

17008 

_ 

1878 

109323 

— 

31  340 

— 

I879 

110511 

y  m^ 

I88() 

105  718 



4S  504 



1881 

105  063 



39  312 

1882 

99  812 



40  468 

1883 

79  509 



26  626 

_ 

1884 

105  434 



49  216 

_ 

1883 

105024 



41924 

1886 

104  521 

54021 

1887 

105  760 

46  531 

1888 

103  304 



43  518 

1889 

102  617 



52  070 



1890 

28  859 

55432 

1891 

14  406 

_ 

1892 

7  509 

1893 

7  390 

_ 

1894 

15033 

_ 

_ 

1895 

14846 

1896 

30654 

_ 

1897 

19  200 

1898 

18  047 

_ 

_ 

_ 

1899 

16812 



1900 

22  470 



1901 

22  672 

1902 

22  386 

_ 

1903 

19  292 







1904 

13  128 





1905 

14368 





1906 

14476 

1907 

14  964 

1908 

14  996 

1909 

14  368 

1910 

13  5S6 

1911 

12  006 

1912 

3  191 

1913 

2406 

1914 

2  735 

1915 

3947 

1916 

6  468 

1917 

S  170 

1918 

34  890 

1919 

27  764 

57 

1920 

26  568 

80 

1921 

23  605 

76 

1922 

31063 

93 

1923 

15716 

204 

1924 

17053 

166 
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TMe  &   Kill  or  seals  on  the  Pribilof  Islands  by  vex  and  kill  of  males  on  the  CttMBMHto  hh«fc«rf  RtUbm  l^ud,  WTI-HTS.  (DaA 

indicntes  no  data  available  lo  present  authors)  (conclutkdf 


Pribilor  Islands  ■ 

Year  Commander  Klands'  Rohbcn  Island 

Male  Icm.tk- 


I9  7S0 

iiO 

1926 

22035 

96 

1927 

24  912 

30 

1928 

31  039 

60 

1929 

40023 

45 

19:}0 

42  449 

5) 

1931 

49  462 

62 

1932 

49  232 

1933 

79 

1934 

^  J  TWO 

60 

1  7  J  J 

235 

1936 

52  227 

219 

1  7  J  f 

55  010 

1 70 

1938 

58  165 

199 

1939 

60312 

161 

1940 

64  940 

323 

1941 

92802 

2211 

1942 

ISO 

0 

1943 

1 16  407 

757 

1944 

47  533 

1 19 

1445 

76  39 1 

573 

1946 

64  028 

495 

1947 

61  153 

294 

i9d8 

69  X93 

249 

**t7 

1010 

70  551 

5Q  0?5 

lO^l 

llt6 

O  HI 

1  VJH 

fA  lid. 

Ail  m 

OH  /X/ 

/I  J 

<K  n57 

1957 

46  219 

47426 

1958 

47866 

31  100 

3  021 

3127 

1959 

30  191 

28060 

2  261 

4  860 

I960 

36  327 

4  312 

4  079 

6  210 

1961 

82  798 

43  849 

5  023 

6  947 

1962 

53  680 

43  760 

6  401 

6  254 

1963 

42  386 

43  952 

7312 

6  469 

1964 

48960 

16452 

10470 

7  708 

1965 

42123 

10434 

11287 

8423 

1966 

52  472 

481 

8909 

8832 

1967 

55  720  • 

10096 

8  381 

8  758 

1968 

45  625 

13  335 

9  507 

5  070 

1%9 

38  678 

230 

8  309 

6  221 

1970 

42  121 

120 

9  (173 

7  042 

1971 

3 1  795 

103 

8  140 

7  003 

1972 

37  314 

79 

6  556 

5911 

1973 

28457 

25 

2395 

4  187 

I9T4 

32976 

51 

1727 

2500 

1975 

29093 

55 

<  1*71-1911  dau  from  Riky  (IW7).  wito  alto  cnt*  dtu  back  to  1876. 
1  ItTMWO  data  Itan  TaUe  I  «r  NlnrilB  (ivfix 
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about  65  000  males  and  35  000  females 
(NPFSC,  1962).  Later,  when  it  was  known  that 
estimates  of  pup  production  during  the  fifties, 
based  on  tagging,  were  too  high,  Chapman 
(1964)  critically  examined  population  estima- 
tes, recalculated  MSY,  and  noted  that  the 
MSY  level  and  the  righthand  limb  of  the  re- 
turn-pup relation  were  less  well  defined.  The 
new  MSY  values  (averaged  from  the  same  two 
models  used  earlier)  were  then  about  55  000 
males  and  at  least  10  000  females.  This  would 
occur  with  about  761  000  females  age  3  and 
older  or,  with  a  pregnancy  rate  of  60  %,  when 
about  457  000  pups  were  bom.  His  latest 
computation  (Chapman,  1973)  indicates  that 
the  annual  pup  production  for  MSY  is  about 
360  000  on  both  islands  or  283  000  on  St.  Paul 
Island  alone. 

The  failure  of  the  population  to  yield  the 
annual  expected  kill  of  55  000  males  (versus 
43  000  actually  killed)  after  the  herd  reduction 
programme  of  female  kills  during  1956-63 
cannot  be  explained  by  the  high  pup  estimates 
from  tagging  in  the  fifties.  Tables  3  and  8  show 
a  decline  in  the  kill  starting  in  the  sixties  and  a 
steady  decline  in  bull  counts  during  1961-72. 
The  number  of  pups  bom  unnuully  during 
1929-33  and  1962-66  were  probably  very  sim- 
ilar, yet  the  earlier  year-classes  yielded  an 
average  male  kill  of  53  600  vis-a-vis  only 
43  000  from  the  later  year-classes 
(NOAA/NMFS,  1973).  For  reasons  unknown, 
therefore,  survival  evidently  has  diminished 
by  20%  (53  600-43  000)  (100/53,  600).  Man- 
agement policy  since  1968  has  been  to  increase 
escapement  into  the  breeding  stock. 


Trophic  relationshigp 


Food  and  feeding^ 

Much  biological  information  has  been 
assembled  for  the  northern  fur  .seal  including 
the  type  and  quantity  of  food  consumed 
throughout  its  range  in  the  North  Pacific 


Ocean,  Bering  Sea  and  the  Seas  of  Okhotsk 
and  Japan. 

Fur  seals  are  opportunistic  feeders  and 
appear  to  feed  on  available  species.  Seals  gen- 
erally swallow  small  prey  whole  below  the 
surface,  while  larger  prey  are  brought  to  the 
surface  and  shaken  violently  from  side  to  side 
to  break  them  into  smaller  pieces.  Fresh,  well 
preserved  specimens  found  in  stomachs  of  fur 
.seals  with  no  teeth  puncture  wounds  indicate 
that  teeth  are  used  for  seizing  their  prey  but 
not  for  masticating  their  food.  Fur  seals  col- 
lected on  the  Continental  Shelf  tend  to  feed  on 
fishes,  whereas  seals  taken  beyond  the  shelf 
feed  mostly  on  squids. 

Squids  are  also  one  of  the  principal  food 
prey  species  throughout  the  range  of  the  fur 
seal.  Many  species  have  been  described  in  the 
literature,  but  very  little  is  known  about  their 
biology,  distribution  and  abundance,  except 
that  they  are  assumed  to  be  quite  abundant  in 
all  oceans.  All  .squids  found  in  fur  .seal  sto- 
machs are  considered  to  be  pelagic,  deep  water 
species  except  for  Loligo  opalescens,  a  shal- 
low-water species.  Identification  of  squids  in 
stomachs  is  made  from  remains  of  beaks,  pens 
and  whole  specimens. 

Feeding  habits  and  food  base 

The  food  species  consumed  by  fur  seals 
vary  by  area,  but  the  important  food  in  the  diet 
of  fur  seals  in  a  given  area  (based  on  stomach 
content  volume)  generally  does  not  change  - 
only  their  ranking  by  volume  (Table  9).  Food 
volume  information  is  from  1958-74  annual 
reports  of  the  US  on  pelagic  research. 

The  principal  food  of  fur  seals  through- 
out their  range  (eastern  Pacific)  is  as  follows: 

(1)  Pacific  herring  (Clupea  harengus  pallasi): 

(2)  northern  anchovy  (Engraulis  mordax):  (3) 
Pacific  salmon  {Oncorhynchus  spp.);  (4)  cape- 
lin  {Mallotus  villosus);  (5)  Pacific  saury  (Colo- 
labis  saira):  (6)  Pacific  hake  ( Merluccius  pro- 
ductus);  (7)  walleye  pollock  (Theragra  chai- 
cogramma);  (8)  rockfish  (Sebastes  spp.);  (9) 
Atka  mackerel  {Pleurogrammus  monopterv- 
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TiUe  9.  PrindH  food  of  to  teab  by  ana 


Afea  Year 

Stomachs 
with 
food 

I'tKHl 

species 

Percent 

nf  tntnl 

Stomach 

Area  Year 

Stomachs 
food 

I  wu 

species 

Percent 
stomach 

volume 

volume 

California  1958 

323 

Squid 
Saviy 
Hake 

rtncnovy 

30.0 
21.3 
16.9 

1964 

22 

Hake 

Euiachon  smelt 

Rockfish 

Salmon 

47.7 
17.2 
14.3 

1959 

893 

Anchovy 
Hake 
Squid 
saur. 

589 
24.4 
4,3 
3.6 

1965 

98 

Anchow 

Smelt 

Salmon 

II  —1 

Herring 

47.6 

17.7 
113 
9.3 

1961 

565 

Squid 
Anchovy 
Saiiiy 
Hake 

41.2 
29.7 
13.5 

1967 

89 

Salmon 
Herrinf 
Rockfish 

?»naa 

32.3 
24.3 
17.6 

1 1.? 

1964 

228 

Hake 

Squid 

>iir>ieiisn 

.'Micnovy 

73.8 

t<.  A 

1  1 
1 

1968 

251 

Salmon 
Anchow 

KOCKltsn 

Euiachon 

31.7 
15.9 

\A  1 

I4.J 

11./ 

170  J 

ll'ili* 
1  laKC 

Squid 

Anchovy 

KocKiisn 

15.0 

1 1.0 

ivov 

Anchovv 
Rock  fish 
Capelin 
Salmon 

iZ.1 

28.9 
19.4 
IIJ 

1966 

131 

Anchovy 

111 

Hake 
Saur\ 

74.5 
19.7 
2.1 

1970 

299 

Squitl 
Ancli<i\ A 

RlKkl'lsil 

48.4 
19.8 

6.4 

Squid 

1.5 

Salmon 

5.9 

1971 

204 

Anchovy 
Salmon 

31.7 

23.6 

Oregon  1958 

36 

Squid 

60.0 

Padfkhake 

14.6 

Hake 

18.1 

Capelin 

IIJ 

Saury 

12.4 

1972 

162 

Squid 

33.9 

Jack  mackerel 

7  1 

Anchovy 

26.0 

1959 

31 

Hake 
RcK-kfish 

34.5 
28.6 

Herring 
Rockfish 

17.5 
8.5 

Squid 

American  shad 

15.7 

4.2 

Herring 

2.1 

Alaska  1958 

372 

Hening 

43.7 

1961 

26 

Anchow 

Rock  fish 
American  shad 

60.3 

32.2 
4.2 

Cap^n 

Sand  lance 
Walleye  pollock 

28w0 
9.7 
9.7 

1  Icrring 

2.1 

1960 

876 

Sand  lance 

37.2 

1964 

10 

Hake 

100.0 

Capelin 
1  Icrnni: 

28.2 

16.0 

Wallcvc  pollock 
Squid 

Walleye  polk)ck 
Adca  mackerel 

10.5 

55 

Saury 
Squid 
Rockiisb 

M  > 
13.6 

13.0 
1Z9 

^  it 
19.0 
12.4 
4A 

1959 

120 

Rockfish 

Sahlcfish 

Herrmi; 

Salmon 

40.2 

21  8 
14.0 
10.9 

1963 

816 

Squid 

Capelin 

Walleye  pollock 

Deepseasmdt 

50.2 

20.0 
7.7 

7.2 

1961 

185 

Anchovy 
Rock  fish 
Hening 
Salmon 

37.7 
21.7 
17.3 
9.5 

1964 

369 

Squid 
Herring 

Walleye  pollock 
Deepaea  smelt 

35.6 
30.9 
14.0 
6.9 
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Table  9.    Principal  food  of  fur  seals  by  area  (concluded) 


Area  Year 

Stomachs 

with 
ftxxJ 

rocHl 
species 

PcTc'cnl 
of  total 
stomach 
volume 

1968 

324 

Walleye  poNodc 

37.8 

Squid 

30.8 

Atka  mackerel 

16.3 

C'jpclin 

7.4 

1973 

519 

\V  alk  \f  pollock 

67.2 

(i:)Jldae 

14  S 

Squid 

10.3 

Deepsea  smcli 

4.0 

1974 

201 

Wammeye  pollock 

73.5 

Gadidae' 

12J 

Atka  mackerel 

6.8 

Deepsea  smelt 

17 

gius):  (10)  Pacific  sand  lance  (Ammodvies  hex- 
apierus);  (11)  deepsea  smelt  (Bathylagidae); 
(12)  and  squids  as  follows:  Loligo  opalescens, 
Onvchoteuthis  boralijaponicus,  Moroteuthis 
rubusta,  Abraliopsis  spp.,  Octopoteuthis  spp., 
Gonatus  spp.,  Berryteuthis  magisier,  Gonatop- 
sis  borealiSt  Chiroteuthis  spp. 

The  principal  foods  of  fur  seals  for  the 
vanous  areas  in  the  eastern  Facit'ic  and  Bering 
Sea  are  as  follows: 


California 
Oregon 
Washington 
British  Columbia 
Alaska 


-  (2),  (5),  (6),  (12) 

-  (2).  (6),  (12) 

-  (2),  (3),  (4),  (6),  (8) 

-  (I).  (12) 

-  (I).  (4).  (7),  (9),  (10), 
(11),  (12) 


The  principal  foods  of  fur  seals  in  the 
Sea  of  Japan,  Sea  of  Okhotsk  and  the  western 
Pacific  (NPFSC,  1962,  1969,  1971,  1975)  are 
similar  to  foods  eaten  in  the  eastern  Pacific: 

Sea  of  Japan  -  walleye  pollock  (T.  chalco- 
gramma)  and  squids  Ommastrephes  sloani 
pacificus  and  Watasenia  seintilians 

Sea  of  Okhotsk  -  walleye  pollock 


Western  Pacific  -  cod-like  fish  (Laemonema 
longipes),  lantern  fish  (Noloscopelus  elonga- 
tm\  chub  mackerel  (Scomber  Jqfonicus), 
walleye  pollock  and  squids  (M.  rAusta,  B. 
mapster,  G.  borealis). 

Requbrements  and  miUzation 

The  energy  requirements  of  fur  seals  are 
poorly  known  at  presents  From  thousands  of 

fur  seal  stomachs  examined,  it  has  been  found 
that  seals  collected  during  the  early  morning 
have  the  fullest  stomachs;  food  volume  de- 
creases during  the  day  and  increases  toward 
dusk,  indicating  that  some  probahlv  feed  at 
least  twice  daily.  Fur  seals  are  also  capable  of 
fasting  for  long  periods  of  time;  e.g.,  breeding 
adult  male  fur  seals  may  fast  in  the  wild  for 
more  than  2  months  (60  days)  while  nursing 
females  may  not  feed  for  up  to  4-5  days.  Keyes 
(1968)  reported  that  growing,  pregnant  and 
lactating  seals  require  more  food  but  that 
captive  pinnipeds  fed  fro/en  fish  and  squids 
(with  vitamin  supplements)  equal  to  6-10  %  of 
thdr  body  weight  daily  fined  well  in  captivity. 

Destruction  of  food  supply 

The  northern  fur  seal  is  economically 
important  for  its  valuable  skin  but  is  important 
also  because  of  its  impact  on  fishery  resources. 
Some  commercially  important  food  species 
arc  consumed  by  fur  seals  throughout  their 
range:  the  major  foods  of  fur  seaK  are  not 

fenerally  uuli/.cd  as  fresh  sealt)od  by  the 
Jnited  States  fishery  but  are  fished  extensively 
by  foreign  fisheries.  Some  of  these  species  are: 
squids,  hake,  anchovy,  herring,  sand  lance, 
capclin.  walleye  pollock,  Atka  mackerel  and 
deepsea  smelt. 

The  competition  between  man.  the  fur 
seal  and  other  forms  of  marine  Ufe,  for  certain 
stocks  of  fish,  is  a  problem  in  resource  alloca- 
tion. Sanger  (1974)  estimated  the  total  annual 
consumption  of  fish  by  northern  fur  seals, 
from  the  Pribilof  Islands,  to  be  965  000  metric 
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tonnes  (Tabic  10).  Based  on  the  fur  seal  food 
composition  observed  in  the  summer  of  1973, 
he  estimated  that  fiir  seal  consumption  is 
equivalent  to  about  15  %  of  the  commercial 
walleye  pollock  catch  (1.8  million  metric  ton- 
nes in  1972)  in  the  eastern  Bering  Sea.  Walleye 
poUodc  was  the  principal  food  of  fur  seals  in 
the  eastern  Bering  Sea  and  contributed  2/3  of 
th  e  total  food  volume  of  stomachs  examined  in 
1973. 

The  relationship  between  fbr  seals  and 
other  living  resources  of  the  North  Pacific 
Ocean  is  poorly  understood  and  the  problem  is 
complex.  Wc  cannot  conclude  at  this  time  that 
the  reduction  in  stocks  of  a  single  species  such 
as  walleye  pollock  would  affect  the  fur  seal 
population  because  of  a  lowered  food  availa- 
bility or,  conversely,  that  the  fur  seal  popula- 
tion would  be  greater  if  no  commercial  fishery 
existed  for  pollock.  The  availability  of  food  is 
onty  one  aspect  of  survival;  a  few  others  which 

TaUe  10.  Eslimaicv  of  total  aaaiul  or  Muoml  food  coa- 
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might  affeel  survival  and  population  changes 
of  the  herd  are  predators,  diseases,  pollution, 
density  and  storms. 


Ecosystem 

The  northern  fur  seal  encounters  manv 
environmental  changes  annually,  both  at  sea 
and  on  land.  During  the  fur  seal's  annual 
migration  to  and  from  the  breeding  grounds, 
the  animals  arc  subjected  to  changing  current 
system.s,  water  masses  and  other  oceanogra- 
phic  features  (Figs.  1  and  9).  Fur  seal  densities 
are  often  greatest  near  sea  vallcvs.  canyons, 
seamounts  and  along  the  Coniinenial  Shell 
where  there  are  abrupt  changes  in  depth  and 
upwelling  of  nutrient-rich  bottom  water.  We 
will  not  attempt  to  relate  here  the  characteris- 
tics of  these  oceanographic  features  in  the  path 
of  the  fur  seal,  but  only  mention  that  this 
information  is  available  in  Dodimead,  Favo- 
rite and  Hirano,  1963. 

The  role  of  the  prev  species  consumed  by 
fur  seals  is  important  in  the  ecosystem  but 
equally  important  are  the  other  animals  that 
share  the  same  ecosystem.  Squids,  for  exam- 
ple, are  a  major  item  of  food  for  fur  seals:  thev 
are  also  food  lor  man\  olhcr  kinds  of  marine 
animals  including  small  and  large  cetaceans, 
fish,  seabirds  and  are  themselves  active  pred- 
ators. 

Predators  on  fur  seals  include  sea  lions 
and  possibly  sharks  and  killer  whales.  Sea 
lions  were  observed  preying  on  Air  seal  pups 
during  1973-75  near  St.  George  Island.  Alaska 
(NOAA.  Marine  Mammal  Division.  1975, 
1976).  There  is  no  documentation  of  fur  seals 
in  killer  whale  stomachs,  but  Rice  (1968) 
concluded  that  adult  killer  whales  feed  predo- 
minantly on  mammals.  During  a  pelagic  seal- 
ing cruise  off  Washington  State,  a  killer  whale 
appeared  on  16  May  1970.  when  fur  seal 
hunting  was  in  progress  Disturbance  occurred 
at  the  surface  near  the  tur  seal  being  hunted; 
the  fur  seal  was  not  seen  again  and  may  have 
been  swallowed  whole.  34 1 
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Fig.  9.  -  Major  currcni 
systems  (Dtidimcad  ci 
aL  l%3). 


Man,  sea  lions  and  blue  foxes  are  the 
principal  predators  of  fur  seals  on  the  Pribilof 
Islands.  Of  special  interest  are  the  seabird 
rookeries  on  the  Pribilofs  which  arc  among  the 
largest  in  the  world.  These  birds  must  also 
have  a  tremendous  impact  on  the  ecology  of 
the  area,  but  direct  relations  with  the  fur  seal 
are  at  best  speculative. 


Other  factors 


Aesthetic  values 

Increasing  public  interest  in  marine 
mammals  and  concern  for  their  welfare  has 
been  expressed  in  the  United  States,  culmi- 
nating in  the  Marine  Mammal  Protection  Act 
of  1972.  Section  2(6)  of  that  legislation  states  as 
a  policy  declaration  that  "marine  mammals 
have  proven  themselves  to  be  resources  of 
great  international  significance,  aesthetic  and 
recreational  as  well  as  economic,  and  it  is  the 
sense  of  the  Congress  that  they  should  be  pro- 


tected and  encouraged  to  develop  to  the  great- 
est extent  feasible  commensurate  with  sound 
policies  of  resource  management 

As  a  result  of  concern  about  whether 
harvesting  procedures  are  humane,  an  expert 
panel  of  veterinarians  examined  in  detail  the 
traditional  method  of  harvesting  seals  on  the 
Pribilof  Islands  by  stunning  with  a  club  fol- 
lowed by  bleeding  from  the  heart,  and  also 
investigated  alternate  methods.  Stunning  fol- 
lowed by  bleeding  was  determined  to  be  the 
most  humane  procedure  (U.S.  Congress, 
Sub-Committee  on  Commerce,  1972:  Wil- 
liams et  aL,  1973).  In  this  connexion,  it  should 
be  noted  that  seals  (except  harem  bulls)  are 
extremely  gregarious  when  on  land.  When  a 
pod  of  young  males  (usually  about  6-10)  is 
isolated  for  killing  from  the  large  group  driven 
inland  from  the  beach,  the  individuals  exhibit 
no  panic  when  others  in  the  pod  are  struck 
down.  Seldom  is  it  necessary,  furthermore,  for 
the  expert  stunners  to  administer  more  than 
one  blow  to  the  head. 

St.  Paul  village  on  the  island  of  that 
name  has  welcomed,  in  recent  years,  a  sharply 
increasing  number  of  tourists  from  the  U.S. 
and  distant  lands.  This  trend  undoubtedly  will 


STATUS  OF  NORTHERN  FUR  SEALS 


continue  because  of  great  interest  in  the  pin- 
niped with  the  longest  oceanic  migrailon  of  alL 


Future  product  demands 

W.G.  Kirkness  (penonal  communica- 
tion) notes  that  the  demand  for  seal  skins  for 
coats  has  been  steady.  Most  of  the  processed 
skins  are  sold  to  buyers  from  West  Germany 
and  Italy.  The  US  market  has  for  some  years 
been  slow  in  its  demand  for  skins,  especially 
for  heavy  skins  such  as  those  of  C.  ursinus.  A 
recent  economic  study  by  the  National  Marine 
Fisheries  Service  indicates  no  increaang  or 
decreasing  trend  in  donand. 


Other  uses  of  marine  mammals 

NPFSC  (1975)  states  that  "the  fur  seal 

resource  has  provided  products  other  than  fur 
(the  principal  product),  such  as  mixed  feeds 
for  fish,  poultry  and  fur-bearing  animals,  fer- 
tilizers, ^ycerin  for  munitions,  oil  for  tanning, 
and  oriental  pharmaceuticals.  In  addition,  a 
special  type  of  peptide  (callopeptide)  can  be 
extracted  from  the  muscle  protein  of  fur  seals, 
but  the  study  of  its  physiological  and  medical 
eflfects  on  the  human  body  is  incomplete. 

"Increasing  public  concern  over  marine 
mammals,  however,  sujjgests  that  rational  u- 
tilization  of  the  fur  seal  resource  should  also 
consider  these  animals  for  their  educational 
and  aesthetic  significance.** 
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HARBOUR  SEALS  IN  THE  NORTH  PACIFIC  -  TAXONOMY  AND  SOME 
OTHER  BIOLOGICAL  ASPECTS 


Y.  NAnx) 


Absmei 

The  taxonomic  status  of  the  harbour  seal  (Phoca  viiulina)  in  the  North  Pacific  Ocean 
remains  unclear.  Reviewing  recent  published  clis<.  u^^it^ns.  two  sub-species,  partly  overlapping 
in  distribution,  can  al  present  be  recognized  -  P.  v.  lary^ha  and  /'  v.  ru  hardsi.  The  former  is  a 
highly  migrator)  form,  breeding  on  pack  ice  in  early  sprint:,  whose  distribution  is  marked  by 
association  with  the  edge  zone  of  the  ice.  It  ranges  from  northern  Bristol  Bay  to  the  ooastal  and 
pelagic  areas  of  the  Bering  Sea.  disperMiiL'  northward  into  the  Chukchi  Sea  in  summer  as  far  as 
the  northern  coast  of  Alaska.  1  o  the  southwest,  it  is  found  along  the  Asiatic  coast  to  China  and 
in  the  Sea  of  Okhotsk  south  to  Hokkaido.  Summer  and  autumn  migrations  in  the  latter  area 
include  southeastern  Hokkaido  and  snuthcrn  .lapan,  P  v.  richtinhi  is  a  scilcnlarv.  coastal  form 
breeding  on  land,  widely  distributed  along  the  west  and  northwest  coasts  of  North  America 
from  a  southern  limit  near  the  latitude  orCuadalupe  through  southern  Alaska  and  the  eastern 
Bering  Sea.  north  to  Herschel  Island.  It  is  also  found  in  ihc  Aleutian,  (ornniandcr  and  Kiiriie 
islands,  reaching  as  far  south  as  Point  brimo,  Hokkaido.  More  information  is  needed  on  the 
identity  of  the  harbour  seal  foimd  in  the  ooastal  waters  of  the  Gulf  of  Chili  m  China. 

The  puppiuLi  season  of  P.  v.  lar^ht:  is  from  late  winter  to  early  spring,  followed  by  a 
period  of  suckling  lasting  about  2-4  weeks.  Pups  are  born  to  P.  v.  richardsi  in  the  spring  to  earlv 
autumn,  followed  by  a  suckling  period  of  3-6  weeks.  Little  information  is  available  on  age  at 
sexual  maturity.  Data  on  growth  in  body  length  in  relation  to  age  arc  given  for  several 
different  areas,  'jcnorallv  showing  incrcasinnK  <jrcater  lengths  at  birth  and  physical  maturity 
for  ruhardsi  seals  in  British  (  olunibia  and  Alaska,  /ur^/w.scals  in  Ihc  .s»)Uthcrn  Sea  of  Okhotsk 
and  richardsi  seals  in  Hokkaido,  in  that  order.  Largka  seals  in  the  Bering  Sea  and  the  Sea  of 
Okhotsk  live  \o  about  age  30-35:  the  longevity  of  richardsi  scn\s  is  less  certain,  though  animals 
in  British  Columbia  reportedly  live  to  about  age  30.  In  both  forms,  females  may  perhaps  live 
kmger  than  males. 

Taxonomic  points  deserving  further  study  include  the  possible  specific  classification  of 
P.  kuriknsts,  denoting  the  land-breeding  harbour  seal  in  the  Kuhle  and  Commander  Islands 
and  in  Hokkaido,  and  the  raising  of  P.  v.  hrgha  to  specific  status.  (Recent  comparative 
niorpholorical  studies  in  the  Aleutian  Islands  and  .Alaskan  Peninsula,  where  all  liirnis  appear 
to  be  found,  do  not  support  these  suggestions,  however.)  Further  studies,  mvolving  interna- 
tional cooperation,  are  needed  to  resolve  taxonomic  problems  and  provide  infonnation  for 
aooiraie  population  estimates  now  mainly  unavailable  especially  important  in  relation  to 
fisheries  and  sealing. 

Du  point  de  vue  taxonomique,  I'dtat  du  veau  marin  {Phoca  vitulina)  du  Pacifique  nord 
reste  peu  dair.  Si  Ton  s'en  tient  aux  dibats  rdcemment  public  on  peat  actuellement  recon-  347 


Gopytighted  material 


V.  NAITO 


naftre  deux  soilS-esptees  dont  Ics  distributions  se  recouvrent  partiellemcnt:  f.  w  largha  et  P.  v. 
richardsL  La  premiire  fait  de  grandes  migralioiu,  se  reproduil  sur  le  pack  au  d^but  du 
printemps  et  sa  distribution  est  cantci(3ris^e  par  Fuiociation  avec  la  limite  des  glaces.  Son 
domaine  s'etcnd  du  nord  de  la  baie  de  Bristol  aux  zones  o6tiires  el  p^lagiques  de  la  mer  de 
Bering;  en  i\t,  Ics  phoques  se  disperseni  vers  le  nord  dans  la  mer  deTchoukolskjusqu'ci  lacdte 
nord  dc  I'Alaska.  Au  sud-ouest.  on  Ics  in  >u\  c  sur  la  o6te  asiatiquejusqu*i  la  Chine  ct  dans  la 
mer  d'Okhotsk.  vers  ic  sud.  jusqu'a  Hokkaido.  Dans  ccllc  r^sinn.  Ics  mierations  d'ctc  cl 
d'automne  vontjusqu  au  sud-csl  d'Hokkaido  ct  jusqu  au  sud  du  Japon.  P  v.  ruhardsi  est  unc 
forme  sedentaire,  coti^re.  sc  rcproduisant  h  tcrrc.  iargcmcnl  distnhucc  sur  Ics  coles  oucst  ct 
nord-ouest  dc  rAmcriquc  du  Nord,  depuis  une  limite  mcridionalc  voisinc  de  la  latitude  de  la 
Ooadeioupc  jusqu'a u  sud  dc  I'Alaska,  k  I'est  de  la  mer  de  Bering  et  k  Hie  Merschel.  On  la 
trouve  atttsi  dans  les  Ties  Altoutiennes.  Hie  du  Commandeur  «t  rarchipel  des  Kooriles. 
jusqu*^  une  limite  mcridionalc  atteignant  Point  Erimo.  h  Hokkaido  I!  csi  neccssairc  d'ac- 
quirir  plus  d 'informations  sur  Tidentttd  des  veaux  marins  qui  se  trouvent  dans  les  eaux 
oitMiires  du  golTe  de  Chili,  en  Chine. 

I  'cpoquc  dc  la  parturition  de  P  v  lar^ha  se  situe  i  la  fin  de  I'hivcr  et  au  debut  du 
pnntcmps;  clle  est  suivic  d'unc  p^riodc  d'allaitcmenl  de  2  ^  4  semaincs.  La  partunlion  dc  P.  v. 
rkhardsi a  lieu  du  printemps  au  d<bat  de  Taulonine;  elle  est  suivie  d*une  piriode  d'allaitement 
de  3  d  6  semaines;  on  connait  mal  I'age  dc  la  nKiturite  vexuelie  l  es  donnCes  sur  la  croissancc 
en  longueur  par  rapport  &  I'agc  sunt  foumics  pour  plusicurs  zones  diffi^rcntes.  On  uinstatc 
gfotodement  une  augmentation  croissanle  de  la  taiUe  i  la  naissance  et  i  la  maturity  physique 
pour  PL  V.  nchiinhi  en  Colombic  Britannique  et  en  Ala'^ka,  /*  r,  lari;hti  d.ins  la  mer  d'Okhotsk 
mdridionale  et  P.  v.  richardsi  k  Hokkaido,  dans  cet  ordre.  Les  phoques  largha  de  la  mer  de 
Bering  et  de  la  mer  d'Okhotsk  viveni  jusqu'd  30-35  ans:  la  kmgMtd  de  P.  v.  richardsi  est  moins 
oertaine,  encore  qii'on  ail  rapporte  que  les  aiiiniaux  de  la  Colonibie  Britannique  vivent 
juiqu'i^  30  ans  environ.  Chez  lc$  deux  sous-cspcccs,  il  est  possible  que  les  fcmellcs  vivcnl  plus 
longtemps  que  les  miles. 

Les  aspects  taxonomiqucs  mCritant  une  dtude  plus  poussCe  comprennent  rCventuelle 
classification  de  P.  ktuihnsis  en  lant  qu'esptee  de  veau  marin  se  reproduisant  k  terre  dans 
rarchipel  des  Kouriles,  IHe  du  Commandeur  et  ft  Hokkaido,  et  Tildvation  de  P.  v.  lar^ha  au 
rang  d*csp<^ce  (C'ependant.  de  rdcentes  dtudes  dc  morphologic  compart-c,  cITeclut'cs  dans 
les  lies  AlCouticnncs  ct  dans  la  pdninsule  d'Alaska,  oii  se  rctrouvcnt  tuutes  les  formes, 
n'toycnt  pas  ccs  suggestions.)  D'autres  ftudes,  dans  le  cadre  d*une  cooperation  Internatio- 
nale, sont  nccessaires  p<nir  resoudre  les  probl«imc*s  taxonomiqucs  ct  donncr  des  informations 
pennettant  Testimation  precise  des  populations  -  qui  n'existent  praiiquement  pas  a  I'heure 
actoeUe  -dontrimpoitenoecstgraiidepourlapteheetlachasseauphoque. 

Extmcto 

La  posici6n  taxon6mica  de  hi  foca  comikn  (Phoea  vttuHna)  del  nwte  del  Pacffko  sigue 
siendo  poco  clara.  Examinando  los  dalos  publicados  rccicntcmcntc  cs  posibic  reconocer  dos 
subespecies,  que  ooinciden  parciaimente  en  sus  zonas  de  distribucidn:  P.  v.  largha  y  P.  v. 
rMuvdri.  La  prbnera  es  tina  eqiecie  muy  migratoria,  que  se  reproduce  en  los  bancos  de  hielo 
a  prineipios  de  la  primavera  y  cuya  distribuci6n  se  caractcriza  por  la  asociacion  con  el  limite 
de  los  bancos  de  hielo.  Se  encuentra  desde  el  norte  de  la  bahia  de  Bristol  hasia  las  zonas 
costeras  y  peUgicas  dd  mar  de  Bering,  dispersindose  en  verano  hacia  el  norte,  hasta  d  mar  de 
Chnkdli,  llegando  hasta  la  cosia  septentrional  de  Alaska.  Sc  cxticndc  tambicn  hacia  cl 
sudoeste,  a  lo  largo  de  la  costa  asiitica,  hasta  China,  y  por  d  mar  de  Ojotsk  hasta  Hokkaido, 
con  movimtentos  migratorios  de  verano  y  otoflo  en  esta  tUtima  ama  que  Ilegan  hasta  el 
audeste  de  Hokkaidoy  d  sur  del  Jap6n.  P.  v.  richardsi  es  una  especie  sedentaria  y  costera.  que 
se  reproduce  en  tierra,  con  una  amplia  zona  de  dtstribuddn  a  lo  lai]gp  de  las  costas  oociden- 
348    tales  y  noroccidentales  de  America  del  Norte.  desde  latitudes  pr6ximai  a  Guadalupe,  a  travis 
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delsurde  Alaska  y  el  estc  del  mar  de  Bering,  hasta  la  isla  Herschcl  como  limitc  septentrional 
Se  encuentra  tambidn  en  las  islas  Aleutianas,  Commander  y  Kurile&,  llegando  por  el  sur  hasta 
Pttnta  Erimo,  en  Hokkaido.  Es  neoesario  leooger  mis  informad6n  para  aclarar  la  identidad  de 
lafocacomfin  que  se  encuentra  en  las  acuas  costcras  del  golfo  de  Chili,  en  China 

La  estaci^n  de  cria  de  P.  v.  largha  va  desde  finales  del  invierno  hasta  principios  de  la 
primavera.  con  un  periodo  de  lactaci6ii  de  anas  2*4  semanas.  P.  v.  riehardsi  pare  desde  la 
primavera  hasia  principios  del  otofto.  con  un  periodo  de  lactacion  do  3-6  semanas.  Se  dispone 
de  poca  informacibn  sobre  la  edad  de  madurez  sexual.  Se  inclu^en  datos  sobre  la  relaci6n 
entre  la  longitud  del  cuerpo  y  la  edad  en  diversas  zonas,  a  partir  de  los  caales  se  observe  que  la 
lalla  de  la  foca  rk  hardsi  de  Hokkaido  al  nacer  y  al  alcanzar  h  madurez  fLstca  es  mayor  que  la 
de  ta  foca  largha  del  sur  del  mar  de  Ojotsk,  y  la  de  ^sta.  mayor  que  la  de  la  foca  riehardsi  de 
Columbia  Brit^nica  y  Alaska.  La  foca  largha  del  mar  de  Bering  y  del  mar  de  Ojotsk,  alcanza 
los  30-35  aflOS  de  edad:  los  datos  sobre  la  longevidad  dc  la  (oca  n(  hunlsi  son  mcnos  scguros, 
aunque  hay  nolicias  dc  que  focas  de  la  Columbia  Britanica  akan/an  los  30  anos.  En  ambas 
subespecies  es  posible  que  la  longevidad  de  las  hembras  sea  mayor  que  la  de  los  machos. 

F.ntre  las  cuestiones  taxoodmicas  que  es  necesario  estudiar  ulterionnente  figuran  la 
posibilidad  declasificarcomo  cspcc  ir  a  P  I,  i/nlcnsis,  bajo  cu\(i  nombrc  so  aiiruparian  las  tbcas 
oomunes  que  se  reproducen  en  tierra  en  las  islas  Kunles  y  Commander  y  en  Hokkaido,  y  de 
elevar  a  la  caiegoria  de  especie  a  P,  v.  har^ha.  (Sin  embaigo,  k»  estudios  morfol6gicos 
comparativov  Inxhos  recientementc  en  las  islas  Aleutianas  v  en  la  peninsula  de  Alaska,  dondc 
se  encuentran  todas  estas  formas,  no  son  favorables  a  esta  sugerencia.)  Son  necesarios,  pues, 
noevos  estudios,  que  ban  de  hacerse  con  oolaboracidn  intemacional,  para  reaolver  los  pro- 
blemas  ta.xon6micos  v  obtener  informacion  qjc  permita  hacer  estimaciones  exactas  de  la 
poblaci6n,  que  hoy  dia  faltan  en  general  y  que  son  especialmente  importantes  para  la 
explotaci6n  pesquera  y  la  caza  de  focas. 


Y.  Naito 

National  Institute  of  Polar  Research,  9-10  Kaga  l-Chome,  Itabashi-ken,  Tokyo  173,  Japan 
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IntroducdoD 


Biolocical  studies  on  the  harbour  seal 
arc  needed  in  relation  to  human  economic  ac- 
tivities such  as  fishing  and  sealing.  Further- 
more, in  recent  years  interest  in  the  taxonomy 
and  population  study  of  the  harbour  seal  in  the 
North  Pacific  has  increased.  To  solve  taxono- 
mical  problems,  both  morphological  and  eco- 
logical studies  on  this  seal  are  inevitably  re- 
quired. Population  studies  also  require  a  lot  of 
biological  information.  After  the  success  in 
detennining  age  in  this  seal  (Mansfield  and 
Fisher,  1960;  Laws,  1962)  such  biological  stud- 
ies were  successfully  performed  on  some 
local  populations.  However,  information  on 
this  seal  is  still  scanty  because  of  their  wlde- 
fy-spread  distribution  in  the  North  Pacific.  To 
promote  biological  studies  in  all  areas  where 
this  seal  occurs,  collaborative  work  and  infor- 
mation exchange  are  very  important  and  re> 
quired. 

It  is  quite  difllcult  for  me  to  review  all 
the  problems  of  the  harbour  seal;  however,  in 
the  present  paper  I  have  tried  U>  include 

information  on  the  taxondmv.  dislrihiilion  and 
movements,  on  some  aspects  of  growth,  and  on 
population  size. 


Taxonomy  of  the  hwbonr  seal 


Many  biologists  are  engaged  in  the  tax- 
onomy of  the  harbour  seal  in  the  North  Pa- 
cific; however,  its  status  is  still  confusing.  In 
the  past,  according  to  .Scheffcr  (1958),  the 
harbour  seal  in  the  eastern  North  Pacific  and 
die  western  North  Padfic  has  been  nven  10 
and  12  names,  respectively,  as  shown  bdow: 


Eastern  North  Pacific 

Halicyon  richardii  Gray,  1864;  Hali- 
choerus  antarcticus  Peale,  1848;  Pkoca  pealii 


Gill.  1866;  Halicyon?  californica  Gray,  1866; 
Phoca  v//w/i>ifl  Trouessarl,  1897;  Phoca  richar- 
dU  Allen,  1902;  Phoca  richardii  pHbihfensis 

Allen,  1902;  Phoca  richardii  {^eronimcnxis 
Allen,  1902;  Phoca  viiulina  richardst  Troues- 
sart,  1904;  Phoca  viiulina  richardii  Douil,  1942. 


Western  North  Pacific 

Phoca  largha  Pallas,  1811;  Phoca  tigrina 

Lesson.  1827;  Phoca  chnrisi  Lesson,  1828; 
Phoca  nummularis  Tenminck,  1847;  Phoca  vi- 
tuHna  Tronessart,  1897;  Phoca  ochotemts 
Allen,  1902;  Phoca  ochotensis  macmdens 
Allen.  1902:  Phoca  stejne^eri  Allen.  1902; 
Phoca  viiulina  largha  Smimov,  1908;  Phoca 
vitutina  largha  natig  Pallasi  Naumov  and 
Smimov,  1936;  Phoca  petersi,  Mohr,  1941; 
Phoca  ochotensis  kurilensis  Inukai,  1942. 

In  these  names,  many  synonyms  were 
included  and  SchefTer  (1958)  had  reduced 
these  names  to  two.  One  is  Phoca  viiulina 
larf^ha  for  the  seal  in  the  area  from  the  Bering 
Sea  to  Asia,  northwestward  into  Chukchi  Sea, 
and  southwestward  along  the  Asiatic  coast  to 
China.  The  other  is  Phoca  viiulina  richardii  for 
the  seal  in  the  north  and  west  coast  of  North 
America  from  Herschel  Island  to  the  eastern 
Bering  Sea,  the  Aleutian  Lslands,  and  far  south 
to  northern  Mcxicii  I  his  reclassificalit>n  iW'the 
North  Pacific  harbour  seal  was  mainly  based 
on  some  geographical  separations  and  the 
breeding  isolation  (P.  v.  largha  breeds  on  the 
packed  ice  and  P.  v.  richardii  breeds  on  the 
land).  The  reconstruction  ol  the  classification 
by  SdiefTer  (1958)  seemed  to  settle  the  argu- 
ments on  the  confusing  taxonomy  of  the  har- 
bour seal  in  the  North  Pacific.  However,  since 
Belkin  (1964)  and  Bclkin,  Kosygin  and  Panin 
(1969)  claimed  the  new  species  Phoca  insularts 
from  the  Kurile  Islands  from  ecological  and 
morphological  studies  on  the  land-breeding 
seal,  Phoca  ochoiensis  kurilensis,  formerly  re- 
ported by  Inukai  (1942),  some  argument 
began  again.  McLaren  (1966)  attempted  to 
provide  a  new  insight  into  the  taxonomical 
problem  of  the  haroonr  seal  in  the  western 
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North  Pacific  and  supported  Belkin  ( 1964)  and 
Belkin,  Kosvgin  and  Panin  (1969).  He  used  the 
name  F.  kunlcnsis  lor  this  seal  recognizing  Ihc 
priority  by  bitikai.  Marakov  (1968)  studied  the 
land-breeding  harbour  seal  in  the  Commander 
Islands,  recognizing  that  this  seal  is  the  same 
form  described  by  Belkin  (1964).  He  conclud- 
ed that  P.  kwilensis^  i.e.,  P.  insularis,  being 
abnost  identical  with  P.  v.  largha  in  many  as- 
pects, is  nothing  but  a  special  form  of  the  P.  v. 
largha  and  used  the  name  Commander  iargha 
for  this  seal.  Rice  and  SchefTer  (1968)  followed 
McLaren  (1966)  and  used  the  name  P.  kur- 
ilensis  tentativelv.  Naito  and  Nishiwaki  (1972; 
1975)  and  Naito  (1973)  also  used  P.  kurilensis 
following  Belkin  (1964)  and  McLaren  (1966) 
in  their  papers  on  the  comparative  growth  and 
the  pelage  pattern  between  P.  v.  largha  and  P. 
kurilensis.  From  all  the  above,  P.  kurilensis 
seemed  to  have  specific  status;  unfortunately, 
however,  any  work  on  this  seal  has  been 
inadequate  and  no  comparisons  were  made 
with  the  same  land-brcedmg  seal  P.  v,  richar- 
(Sif  and  also  no  comparative  work  had  been 
done  in  the  area  around  the  Alaska  Peninsula 
and  Aleutian  Islands  where  3  forms  of  the 
harbour  seal  exist  -  P.  v.  largha,  P.  v.  richardii 
and  P.  kurilensis.  The  latest  information  is  that 
Bums  and  Fay  ( 1974)  from  their  studies  on  the 
seals  in  the  Aleutian  Islands  and  Alaska  stated 
that  comparisons  of  pelage  coloration,  cranial 
characters,  body  form,  number  of  tracheal 
rings,  structure  of  the  hyoid  apparatus,  and  the 
proportional  size  and  shape  of  internal  organs 
show  perfect  correspondence  between  2  forms 
{P.  kurilensis  and  P.  v.  richardii)  indicating 
that  they  are  one  and  the  same.  They  used  the 
name  for  this  seal  P.  v.  richardsi  (Qx\.\\ .  1864). 
Therefore,  being  still  more  argument  required, 
there  exists  only  1  species  of  the  land- breeding 
fonn  Phoca  vitulina  nchardsi  in  the  North  Pa- 
cific. 

On  the  other  hand,  concerning  the  taxo- 
nomical  state  of  P.  v.  largha,  there  has  been 
much  argument  since  SchefTer's  review  ( 1958). 
Chapskii  (1955.  I960,  1967)  after  much  dis- 
cussion of  the  osteology  and  breeding  isola- 
tion, came  to  the  conclusion  that  the  ice- 


breeding  harbour  seal  has  specific  status, 
Phoca  largha.  McLaren  (1966)  entered  the 
discussion  and  reached  the  conclusion  that  the 
ice-breeding  seal  in  the  North  Pacific  deserved 
specific  status.  P.  largha.  Rice  and  SchefTer 
(1968)  also  followed  them  tentativelv.  Howe- 
ver, Burns  and  Fay  (1974)  studied  the  seal  in 
the  Aleutian  Islands  and  Alaska  and,  using  P. 
v.  largha.  they  stated  "The  geographic  distri- 
bution of/*.  V.  richardsi  broadly  overlaps  that 
oi  P.  V.  largha  in  the  southeastern  sector  of  the 
Bering  Sea.  Specimens  of  the  richardsi  form 
from  that  area  show  signs  of  latent  intergra- 
dation  with  lart^ha'.  However. concerning  I*,  v. 
largha  or  P.  largha  much  more  study  seems  to 
be  required. 

In  addition  to  the  above,  we  are  very 
short  of  information  on  how  lo  consider  the 
taxonomy  of  the  harbour  seal  which  is  resident 
in  China.  Only  a  few  papers  are  known  on  this 
seal  (Leroy.  1940;  Shou-jen  Huan,  1962)  and 
further  studies  are  expected. 

From  the  above  discussion,  it  is  still  dif- 
ficult to  reach  taxonomic  conclusions.  Howe- 
ver, to  promote  study  of  the  above  problem, 
we  need  international  collaboration  between 
America,  Canada,  China,  U.S.S.R.  and  Japan. 
This  collaboration  is  now  steadily  taking  place 
in  Alaska,  where  all  the  above-mentioned 
types  of  seals  are  found  and  which  is  the  most 
important  place  for  studies. 


Distribution  and  movements 


The  distribution  and  movements  should 
he  considered  from  man\  biological  aspects 
such  as  seasonal  hfe  cycle,  hfe  history,  sexual 
segregation,  feeding,  relation  to  the  environ- 
ment, etc  ll<nvever.  at  present,  distribution 
and  movements  are  still  unknown  in  detail. 
Therefore,  in  this  chapter  only  general  geo- 
graphical distribution  ranges  and  some  move- 
ments are  described. 

The  harbour  seal  is  widely  known  to  be 
distributed  in  the  temperate  zone  of  the  North-  351 
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em  Hemisphere.  In  the  North  Pacific  thev 
show  a  very  wide  distribution.  They  occur 
northward  in  the  Chukchi  Sea,  southeastward 
in  South  CaHfornia  and  North  Mexico,  and 
southwestward  in  Japan  and  China.  They  also 
appear  in  the  cham  of  Aleutian  and  Kuiile 
Idands.  Furthermore,  they  are  normally  found 
both  in  the  coastal  and  pelagic  areas  of  the 
Bering  Sea  and  the  Sea  of  OJdiotsk. 


The  distribution  of  lar^ha  seal  is  marked 
by  association  with  ice.  Hiis  seal  is  noted  for 
breeding  on  ice  floes  in  early  spring.  Thus,  the 
distribution  ranges  of  this  seal  are  generally 
believed  to  be  limited  to  the  Bering  Sea,  the 
Chukchi  Sea  and  the  Sea  of  Okhotek,  where 
the  sea  ice  prevails.  According  to  Bums  (1970), 
Fay  (1974)  and  Burns  and  Fav  (1972),  in  the 
Bering  Sea  the  seals  are  found  m  the  10-40 
mfle  wide  **fh>nt'*  zone  at  the  southern  edge  of 
the  packed  ice,  from  the  vicinity  of  northern 
Bristol  Bay  to  the  Koryak  and  Kamchatka 
coasts  in  winter  and  spring.  Fay  (1974)  indi- 
cated that  pups  are  usually  bom  on  heavy 
floes,  10-20  m  in  diameter,  with  a  thick  laver  of 
snow  and  ol  ten  w  ith  some  remnant  of  pressure 
ridge,  and  the  young  seals  utilize  the  ice  blodcs 
and  caverns  of  the  pressure  ridge  as  shelter 
from  the  weather  and  as  refuge  from  predators 
and  scavengers.  The  breeding  aggregations 
consist  of  isolated  "family  groups"  of  3,  com- 
prising an  adult  male  and  female  wUh  a  pup, 
and  these  groups  are  rarely  closer  together 
than  0.2  km  (Burns  el  aL^  1972).  Because  of 
their  wide  spacing,  males  are  presumed  to  be 
territorial  and  to  defend  the  area  around  the 
natal  floe.  After  the  ice  disappears,  these  seals 
become  highly  migratory,  dispersing  north- 
ward into  the  Chukchi  S€»  in  summer,  at  least 
as  far  as  the  northern  coast  of  Alaska,  and 
returning  again  to  the  Bering  Sea  in  late  au- 
tumn to  take  lip  residence  along  the  ice  front 
(Fay,  1 974).  It  is  still  uncertain  how  they  share 
the  habitats  in  this  area.  Though,  as  already 
mentioned  in  the  former  chiqpter,  the  geo- 


graphic distrihution  of  P.  v.  richardsi  broadly 
overlaps  that  ot  P.  v.  largha  in  the  southern 
sector  of  the  Bering  Sea.  Marakov  (1968)  stated 
that  this  seal  {P.  v.  largha)  rarely  occurs  in  the 
Commander  Islands.  Therefore,  habitat-shar- 
ing between  2  forms  of  the  harbour  seal  may 
occur  in  die  Commander  blands. 

In  the  Sea  of  Okhotsk,  sea  ice  appears 
from  November  in  the  north  and  prevails  to  the 
south  in  January  with  an  ice-free  area  in  the 
central  parts  of  this  sea  (ice  floes  appear  in  the 
area  about  Hokkaido  and  on  the  Kamchatka 
side  of  the  southern  Okhotsk  Sea).  The  sea  ice 
retreats  in  March  or  A^ril  from  the  south  and 
disappears  in  the  nmth  m  June.  The  largha  seal 
occurs  very  commonly  in  this  sea  and  may  stay 
for  short  periods  (January  to  March  or  .April) 
on  the  packed  ice  in  the  south 
and  for  longer  periods  (perhaps  November  to 
June)  in  the  north.  According  to  Naito  and 
Nishiwaki  (1972),  in  Hokkaido  these  seals  ap- 

gear  on  the  lake  ice  of  the  inland  sea  (Lake 
aroma,  Odaito,  Furen)  or  on  the  blodcs  of 
coastal  ice  that  have  drifted  from  the  coast 
prior  to  the  sea  ice  appearing  from  the  north. 
When  ice  floes  appear  from  the  north  the  seals 
move  to  the  offshore  ice  and  breed,  forming 
family  groups.  In  the  ofTshore  ice  floe  region, 
they  seemed  to  appear  in  waters  less  than  200 
m  in  depth.  This  may  be  related  to  their  feed- 
ing, like  the  Un^ha  seal  in  the  Bering  Sea, 
these  seals  occurred  more  frequently  in  the 
edge  zone  of  the  packed  ice,  where  the  ice  bay 
or  ice  tongue  are  developed,  than  in  the  area  of 
densely  packed  ice.  After  the  breeding  season, 
young  seals  seemed  to  stay  longer  on  the  ice 
floe  than  the  adult  seals  (Naito,  unpublished). 
In  summer  and  autumn  these  seals  are  highly 
migratory  in  Hokkaido,  like  the  seals  in  the 
Bering  Sea.  and  di.sperse  and  spread  their  dis- 
tribution range  and  appear  in  the  coast  of 
soutfieastem  Hddcaido  where  tiie  richard- 
si4airilensis  seals  commonly  appear.  Some- 
times both  forms  of  seals  are  found  hauling  out 
on  the  same  rocks  (Naito,  1973).  Pups  are 
much  dispersed  by  the  ice,  or  they  are  depen- 
dent  on  ice  for  die  first  2-3  wedcs  after  buih, 
and  they  sometimes  appear  far  south,  in  the 
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southern  part  of  Japan.  The  same  dispersion  of 
is  reported  in  the  Bering  Sea  (Bums, 


The  richanbi  seal  is  known  to  occur 
along  the  western  coast  of  North  America, 
northern  Alaska  in  the  north.  CaliH^rnia  and 
Mexico  in  the  south  and  the  Aleutian  and 
Kufile  Islands  and  Hokkaido  in  the  east.  The 
northern  limit  of  the  range  is  Herschel  Island 
and  Point  Barrow  and  the  southern  limit  of  the 
range  may  be  near  the  latitude  of  Cedros  Is- 
land (28*12N)  (Scheffer,  1958)  or  San  Roque 
Island,  Guadalupe  (King,  1964).  The  eastern 
limit  is  Point  Erimo  in  Hokkaido  (Inukai, 
1942).  The  distribution  of  local  populations 
has  beoi  well  examined  in  Britisb  Columbia 
(Fisher,  1952)  and  in  Washington  State  by 
Scheffer  and  Slipp  (1944).  These  seals  are  wi- 
deiv  distributed  along  the  coast  in  these  areas 
and  some  of  their  mam  hauling  grounds  are 
Queen  Charlotte  Islands,  Vancouver  Island, 
Willappa  Bay,  Grays  Harbour,  Destruction 
Island,  Neah  Bay,  Dungeness  Spit,  Minor  Is- 
land, several  of  tiie  small  San  Juan  Islands, 
and  the  deltas  of  many  rivers  including  Stiki- 
ne,  Skeena.  Fraser.  Samish,  Skagit,  Stillagua- 
mish,  Snohomish,  Nisqually  and  Columbia. 
They  are  quite  selective  in  choosing  |daces  to 
haul  otttondiore;  their  hauling  sites  are  tidal 
sand  bars,  exposed  nxks.  mud  flats,  gravel 
bars  where  it  is  dilficult  or  impossible  lor  an 
enemy  to  approach  unseen  from  the  land  nde. 
It  is  noted  that  they  are  sedentary,  and  resident 
throughout  the  year  in  their  habitat.  They  are 
not  found  more  than  10-15  miles  offshore  from 
die  coast  in  these  areas.  However,  in  the 
Skeena  River  definite  seasonal  upriver  move- 
ments occur,  coinciding  in  genera!  with  the 
salmon  run;  these  are  not  mass  migrations  but 
jpradual  increases  in  numbers. 

There  is  not  much  mote  information  le- 


ported  from  other  areas  (in  Alaska,  Aleutian 
Islands  and  Kurile  Islands).  In  Alaska,  this 
coastal  seal  is  divided  into  2  groups  with  re- 
[  cct  to  their  association  with  ice.  One  is  that  of 
the  Bristol  Bay  area,  where  they  have  extensive 
contact  with  ice  throughout  the  wmter.  The 
other  is  that  of  the  Aleutian  and  Commander 
Islands,  wficrc  sea  ice  is  scarce  or  absent  (Fay, 
1972).  It  has  been  widely  known  that  the  P.  v. 
richardsi  is  the  land- breeding  form  and  coastal 
seal,  and  they  never  make  contact  with  ice, 
though  in  Hokkaido  some  richardsi -kurilmisia 
seals  (i.e.,  P.  kurilensis)  arc  said  by  fishermen 
to  have  contact  with  ice  in  early  spring  (before 
breeding  season)  as  has  been  round  in  Bristol 
Bay.  In  Alaska,  Alteutian  Islands,  Kurile  Is- 
lands and  all  other  areas  of  its  distribution,  this 
form  of  seal  is  sedentar\'  to  its  coastal  habitat 
and  does  not  show  any  apparent  migration 
throughout  the  year.  Richardsi  and  lar^^ha  are 
supposed  to  be  distributed  differently  in  win- 
ter excet  for  Bristol  Bay,  for  largha  moves  to 
the  pelagic  ice  and  richanbi  ranains  on  the 
coast.  However,  in  summer  and  autumn  it  is 
still  uncertain  how  their  ranges  overlap  in 
Alaska,  Aleutian  Islands  and  northern  Kurile 
Islands. 


Population  in  China 


According  to  Shou>jen  Huang  (1962X 
the  population  in  China  is  observed  all  along 
the  coastal  waters  of  the  Gulf  of  Chili.  They 
are  reported  from  the  waters  around  Liita, 
ChflhQatao,  Yingk'ou,  Ch'anghsingtao, 
Laot'iehshanchiao  and  Chinhsien  in  I  iaoning 
Province;  the  Miaotao  Islands  and  ofi  Yent'ai 
(Chefoo)  in  Shantung  Province;  and  near 
Ch*inhuangtao  and  Peitaiho  m  Hopei  Pro- 
vince. In  late  February  many  seals  amve  from 
the  southern  Pohai  Sea  at  the  drift  ice  to  the 
northeast  for  pupping.  There  appears  to  be 
no  furdier  information  on  the  harbour  seal 
in  China.  353 
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Some  infmrmatioo  on  growth 


Pupping  season 

Table  1  is  based  on  the  report  by  Bigg 
(1969)  and  some  additional  information.  Bigg 
tried  to  find  some  dines  of  the  pupping  sea- 
son; however,  in  this  paper,  1  have  tned  to 
separate  the  information  into  2  groups;  the 
ice-breeding  lar^ha  seal  and  the  land-breeding 
richanlsi  seal.  From  Table  1  it  is  indicated  that 
the  ice-breeding  seal  has  an  earlier  pupping 
season  than  the  Uind-breeding  seal.  The  ice- 
breeding  seal  gives  birth  on  the  ice  floe  from 
late  winter  to  early  spring  (from  Januar\'  to 
May,  in  most  cases  from  March  to  early  April) 
in  the  Bering  Sea  and  the  Sea  of  Okhotsk, 

ru  lading  Ta.ir  Sir  iit  This  also  OCCUR  in 
(  hina.  The  harbour  seal  in  ('hina  is  supposed 
to  be  completely  separated  from  the  other 
harbour  seals  in  Asia.  According  to  Shou-jen 
Huang  (1962),  the  seals  bear  the  pups  on  the 
ice  floes  in  spring,  in  the  northeast  of  Pohai 
Bay.  However,  it  is  still  uncertum  that  all  of  the 
seals  in  China  are  ice-breeding  seals.  On  the 

other  hand,  the  land-breeding  seal  s!iows  a 
later  pupping  season.  They  give  birth  to  iheir 
pups  on  land  from  spring  to  the  beginnmg  o 
autumn  (from  early  March  to  the  beginning  of 
Seplember).  The  pupping  season  of  the  land- 
breedmg  seal  is  supposed  to  show  much  more 
regional  variation  than  the  ice-breeding  seal 
This  was  often  seen  on  the  coast  from  British 
Columbia  to  southern  California. 


Weaning  season 

Information  on  weaning  is  uuite  scarce; 
however,  the  variations  appear  to  be  small.  In 

general  as  seen  in  Table  2,  the  ice-breeding 
largha  seal  showed  shorter  period  of  suckling; 
2-4  weeks  compared  to  3-6  weeks  in  the 
land-breeding  rickardsi  seal.  In  the  former 
seal,  Naito  and  Nishiwaki  (1975)  showed  that 
the  time  of  moulting  of  the  white  lanugo  coat 
corresponds  with  the  time  of  weaning. 


The  reason  for  the  shorter  period  of 
suckling  in  the  ice-breeding  largha  seal  is 
unknown.  However,  long  suckling  may  not  be 
adaptive  for  this  seal,  which  occupies  the  edge 
zone  of  packed  ice.  Pups  in  the  white  lanugo 
coat  would  not  swim  before  moulting  and  are 
therefore  quite  dependent  on  ice  and  will 
sometimes  be  separated  from  their  mother, 
and  weaiiing  may  occur  suddenly.  On  the 
other  hand,  the  pups  of  the  land-weeding  n- 
chanbi  seal  can  swim  soon  after  birth  and  the 
mother  and  pup  are  always  seen  together  (with- 
in 10-15  m  diameter  range)  about  4  weeks 
after  birth.  Weaning  takes  place  gradually 
(Naito,  impublished).  The  environmental  dif- 
ference mentioned  abcne  mav  relate  to  the 
difference  of  weaning  lime  between  these  2 
types  of  seals. 


Sexual  maturity 

The  information  on  .sexual  maturity  of 
the  harbour  seal  is  also  quite  scanty.  According 
10  Burns  and  Fay  (1972),  the  ice-breeding 
targha  seal  beocnnes  sexually  mature  at  4-5 
vears  of  age  in  males  and  3-4  vears  of  a"e  in 
females;  male  maturity  seems  to  occur  1  year 
later  than  the  female.  However,  Tikhomirov 
(1966)  showed  different  results  on  the  siinie 
lar^ha  seal.  According  to  him.  33  %  males  of  3 
years  of  age  (out  of  12  seals)  and  10  %  females 
of  the  same  age  (out  of  5  seals)  attained  ma- 
turity, 100  %  males  (out  of  2)  and  93  %  females 
(out  of  6)  attained  maturity  at  age  4.  and  KM) 
males  (out  of  5)  and  94  %  females  (out  of  lU) 
attained  maturity  at  age  5.  He  noted  that  the 
male  harbour  sea!  in  the  North  Pacific  be- 
comes sexually  mature  somewhat  earlier  than 
the  female.  Naito  and  Nishiwaki  (1975)  consid- 
ered that  males  and  females  of  the  ice- 
breeding  largha  seal  in  the  southern  Sea  of 
Okhotsk  reach  sexual  maturity  from  3  years  of 
age  and  mostly  mature  at  5  to  6  years  of  age, 
noting  the  small  samjde  sizes.  Fnun  the  above, 
it  is  quite  ditTicult  to  know  the  ages  of  sexual 
maturity  exactly. 

In  the  land-breeding  richardsi  seal.  Bigg 
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TaHc  1.  The  regional  wuiation  of  iht'  puppiiiu  sea^wi  «f  Hie ic«  h»wil»t     the  had  hwdhig IwifcwrsMib  !■  rtw  Nortli  PacMk. 

(information  cited  by  Bigg,  1969  (no  authgi)) 


THE  ICE-BREEDINO  HARBOUR  SEAL 


The  Bering  Sea 

1.  Uie  Maicb  to  mid  April  (Buras,  1970;  Fay.  1974) 


The  Sea  of  Okhotdc 

2.  Farly  Februar>  to  mid  Mafch:  with  a  peak  ftoflu  the  end  ofFebruaiy  to  the  beginning  of  March  in  the  Guir  oTPeier  the  Great 

and  in  the  Tatar  Strait  (Tikhomirov,  1966) 

3.  Mid  March:  in  the  Gulf  of  Terpcnia  and  off  the  coast  of  Abashiri  (Tikhomirov.  1966) 

4.  L«le  February  to  early  May:  with  a  peak  in  the  middle  of  April  in  the  northern  part  of  the  Sea  of  Okhotsk  (Tikhomirov.  1966) 

5.  In  April  (tncludtng  the  ringed  seal,  the  ribbon  seal  and  the  bearded  seal):  in  the  region  of  the  Tauisk  Up  and  the  adjacent  waters 

(Tikh<'.mirov, 

6.  Laic  Januarv  (the  curliest)  to  mid  April:  ofTthe  coast  of  Abashiri  (Wilke.  1954) 

7.  Mid  Match  to  hue  Mareh:  in  the  sea  off  die  coast  of  Hokkaido  and  the  southern  Sea  of  Okhotsk  (Nailo  and  Nbhhvaki.  197S) 


8.  Spring:  northeast  of  Pohai  Sea  (Shou-jen  Huang,  1962) 


THE  LAND-BlUiEDlNG  HARBOUR  SEAL 


Western  coasi  of  North  America 

9  l-arly  March  to  early  April:  in  Nome 

10.  April  to  Mav:  in  the  north  of  the  Pribilof  Islands 

1 1.  Earlv  May  lb  ?;  20  May  to  ?:  in  the  Pribilof  Islands 

12.  S  May  to  25  Jime:  in  Tugidak  Island 

13.  Late  May  to  late  June:  in  the  Qtpper,  Slikine  and  Skeena  Rivers 

14.  24  June  to  6  September:  in  the  southeast  of  Vancouver  Island 

15.  Mid  August  to  early  September:  in  McNeil  Island 

16.  Late  June  to  earK  August:  in  the  Nisqu  iliv  Plata 

17.  12  Ma\  to     in  Willapa  Bay 

18.  Late  April  to  earlv  June:  in  Tillamuuk  Bav 

19.  24  March  to  7  .May:  in  Humbolt  Bay 

20.  Late  Match  to  late'  May:  in  Alio  Nucvo  Island 

21.  Mid  April  to  eariy  May:  in  the  Mugu  Lagoon 

22.  8  March:  in  San  Martin  Island 

23.  Mid  March:  m  the  Bahia  San  Qumtm 


Akulim  bbmdi,  Kmi/e  Wands  and  Hokkaido 

24.  Late  April  to  early  May:  in  the  Commander  Islands 

25.  Eariy  April:  in  the  Commander  Isfawds  (Marakov,  1968) 

26.  Mid  May:  in  the  Kurile  Islands  (BeOctn.  1964) 

27.  Late  March  to  mid  .\pril:  in  the  southern  Kurile  Islands 

28.  Mid  May  to  laic  May:  in  the  southeast  of  Hokkaido  (Naito  and  Nishiwaki,  I97S) 

  355 


Copyrighted  material 


Y.  NArro 


TaMe  2.  Tte  wmM^  period  of  (be  hwtoor  smI  to  tfw  North  Padfle 


THt  ICE-BREEDING  LARGHA  SEAL 

1.  about  4  weeks:  in  ihe  Bering  Sea  (Burns  et  aL  1972:  Fav.  1974) 

2.  3  lo  4  weeks:  in  the  Bering  Sea  and  ihe  Sea  of  OkholsV  (Tikhomirov.  1966) 

.1    2  to  3  wocK-  in  Ihc  souihcrn  Se;i  of  Okholsk  (Niiiid  .mJ  Nishiwaki,  1975) 

4.    about  4  Mcck.s:  in  ihc  northeast  of  Pohai  Sea  (Shou-jcn  Huang,  1962) 


THE  LAND-BREEDING  RICHARDSi  SEAL 


to  4  weeks: 
to  6  weeks: 

weeks: 

weeks: 

lo  6  weeks: 

months: 

to  6  weeks: 


in  Alaska  (Bidiop:  dtcd  fiom  Bim,  1969b) 
in  Washington  Sute (ScheflrerandS^fp,  1944) 

in  the  Skeena  River  (Fisher.  1952) 

in  Califomiii  (Finch;  cited  from  Bigi:.  I%9a) 

in  southern  Vancouver  Island  (Bigg,  1969a) 

in  Ihe  southern  Kurile  Islands  (Belkin,  Kosygin  and  Panin,  1969) 

on  the  southeast  coast  of  Hokkaido  (Naito  and  Nishiwaki.  1973) 


(1969a)  studied  the  sexual  maturity  in  south- 
em  Vancouver  Island.  According  to  him 
20  %  of  females  attain  sexual  maturity  at  age  2, 
58  %  at 3, 82  %  at4and  100  %  atS.  Also  12  %  of 
males  attain  sexual  maturity  by  age  3, 72  %  by 
age  5  and  100  %  by  age  6. 


Growth  in  body  length 

The  growth  in  body  length  is  little  known 
in  the  ice-breeding  largha  seal  and  the  land- 
breeding  richcirdsi  seal;  data  from  sev^al  aieas 
are  shown  below. 


(1)    Bering  Sea  and  the  Sea  of  Okhotsk 

According  to  Hkhomirov  (1971),  the 

birth  length  of  the  ice-breeding  largha  seal  in 
the  Bering  Sea  and  the  Sea  of  Okhotsk  ranges 
from  76  to  81  cm  (78  cm  on  average)  and  their 
weight  fhrni  6.9  to  7.3  kg  (7.1  kg  on  average). 
On  average,  pups  of  common  seals  are  almost 
half  as  long  at  birth  as  physically  mature  fe- 
males (48  %)  and  sexually  mature  females 
(49  %).  The  weight  of  new-bom  pups  is  10.4  % 
that  of  aduh  females.  The  length  of  25-30 
356   day-old  pups  (just  after  weaning)  was  98-120 


cm  (average  108  cm),  and  1.2-2  month-old 
pups  were  98-122  cm  (average  108  cm)  in  body 
length.  The  average  body  length  of  year-old 
seals  is  124  cm.  Th^  grow  14  cm  in  11  months. 
Body  length  increases  until  the  seal  attains 
physical  maturity  at  9  years  of  age:  168  cm  in 
males  and  162  cm  in  females.  The  size  of  sex- 
ually mature  females  ranges  from  141  to  160 
cm  and  the  maximum  length  is  182  cm  in  fe- 
males and  185  cm  in  males. 


(2)    In  the  southern  Sea  of  Okhotsk 

Naito  and  Nishiwaki  (1975)  also  report- 
ed the  increase  in  body  length  of  the  ice- 
breedini'  hirgha  seal  in  the  southern  Sea  of 
Okholsic.  1  he  birth  length  of  this  seal  v^as  85 
cm.  The  mean  length  at  1  year  of  age  was  1 19 
cm  in  males  and  1 17  cm  in  females;  growth  in 
the  first  year  is  34  cm  for  males  and  about  32 
cm  for  females.  About  35  %  of  the  increase  in 
body  length  during  the  first  year  seemed  to 
ocxur  in  the  first  month  after  birth.  From  birth 
lo  4  years  of  age  both  sexes  increa.sc  their  body 
length  at  almost  the  same  rate.  After  4  years  of 
age,  they  ^owed  different  growth  rates.  Males 
continue  to  grow  until  14-15  years  of  age  and 
females  grow  imtil  10-1 1  years  of  age.  The  final 
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body  length  was  169.9±  4.0  an  in  males  and 
159.0  ±  3.  i  cm  in  females. 

The  results  in  the  above  2  areas  seem  to 
be  difficult  to  compare  because  the  measuring 
methods  are  different.  Tikhomirov  (1971) 
measured  the  body  length  from  nose  to  tail 
along  the  curve  of  the  back.  Naito  and  Nishi- 
waki  (197S)  measured  it  by  the  straight  length 
from  nose  to  tail  along  the  body  axis.  There- 
fore, the  lengths  measured  by  Tikhomirov  will 
be  a  little  longer  for  seals  of  the  same  size  than 
those  measured  by  Naito  and  Nishiwaki.  The 
length  given  by  Tikhomirov  for  mature  female 
seals  was  longer  by  3  cm  than  that  given  by 
Naito  and  Nishiwaki.  However,  the  length  of 
mature  males  measured  by  Hkhomirov  was 
smaller  by  2  cm  than  those  measured  by  Naito 
and  Nishiwaki.  It  is  still  dilTiculi  to  conclude 
from  the  above  results  that  the  male  seals  m 
the  southern  Sea  of  Okhotsk  are  larger  than 
those  in  other  areas,  for  it  may  be  that  the 
results  were  inHuenced  by  the  bias  of  the 
measurmg  method. 

(3)    In  British  Columbia  and  Alaska 

Bigg  (1969a)  showed  the  growth  of  the 
land-breeding  richanbi  seal  in  British  Colum- 
bia and  Alaska.  According  to  him,  the  new- 
born length  and  weight  in  British  Columbia 
were  81.6  ±  6.2  cm  and  10.2  ±  1.5  kg.  From 
after  birth  to  5  years  of  age  both  sexes  grow  at 
about  the  same  rate.  By  5  years  of  age  most 
females  are  fully  grown  and  attain  physical 
malunty,  averaging  147.7  ±  2.4  cm  in  length 
and  64.8  ±  4.4  kg  in  weight.  Most  males  grow 
until  9-10  years  of  age  averaging  161.1  ±  4.9 
cm  and  87.6  ±  6.6  kg.  This  length  and  weight 
are  apparently  smaller  than  those  of  ice- 
breedmg  largha  seals  shown  above.  However, 
no  distinct  difTcrences  seem  to  exist  between 
the  British  Columbia  and  Alaska  populations. 


(4)    In  Hokkaido 

Naito  and  Nishiwaki  (1975)  showed  the 
curve  of  growth  m  body  length  fbr  the  land- 


breeding  richardsi-kurilensis  seal  in  Hokkaido. 
According  to  them,  birth  length  of  this  seal  is 
98.2  ±  3.2  cm.  This  birth  length  is  the  largest 
of  all  the  3  populations  mentioned  above.  In 
this  seal,  males  and  females  grow  at  about  the 
same  rate  until  5  years  of  age.  By  9-10  years  of 
age  most  males  are  fully  grown,  averaging  186 
cm.  Most  females  are  ftmy  grown  at  >6  years 
of  age.  averaszintz  169  cm.  The  fully  grown  and 
mature  length  is  apparently  the  largest  of  all  3 
populations  above.  In  this  seal,  the  growth  as- 
pect is  still  uncertainly  known;  however,  it  is 
interesting  to  know  that  the  land-breeding 
harbour  seal  .shows  wide  variations  in  its 
growth.  1  urthermore,  it  is  also  important  to 
know  that  they  show  some  clines  in  their  body 
size  among  the  populations  in  the  Aleutian 
Island  cham  and  Alaska. 


LoNOEvrrv 

There  is  little  information  on  longevity 
reported  from  the  Bering  Sea,  the  Sea  of  Ok- 
hotsk and  British  Columbia.  With  repard  to  the 
icc-brccding  largha  seal  from  the  Bermg  Sea. 
Bums  and  Fa^  (1972)  reported  thai  max- 
imal longevity  is  at  least  35  years  (both  sexes 
included).  Tikhomirov  (1971)  reported  from 
the  Sea  of  Okhotsk  that  the  old  males  and 
females  in  his  samples  are  29  years  of  age  and 
35  years  of  age  respectively,  and  indica^  tiiat 
the  ice-breeding  largha  seal  lives  to  an  age  of 
30-35  vears  and  p<issiblv  more.  Naito  and  Ni- 
shiwaki (1975)  also  reported  for  the  same  seal 
that  the  oldest  male  and  female  seals  of  ttien* 
326  samples  from  the  southern  Sea  of  Ok- 
hotsk are  26  years  of  age  and  32  years  of  age, 
respectively.  From  the  above  information,  it 
may  be  concluded  that  the  longevity  of  the 
!(ir"ha  seal  in  the  Bcrinc  Sea  and  the  Sea  of 
Okhot.sk  is  about  30-35  vears  of  age.  On  the 
other  hand,  the  longevity  of  the  land-breeding 
riehartbl  seal  is  rather  uncertain.  Bigg  <l969a) 
showed  the  life  table  of  the  seal  in  British  Co- 
lumbia, and  accordinc  to  this  life  table  the  ol- 
dest  male  ol  his  1 14  male  samples  is  20  years  of 
age  and  the  oldest  female  of  13 1  females  is  29  357 
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years  of  age.  This  result  seems  not  to  suggest 
the  longevity  of  this  seal  certainly;  however, 
judging  from  the  age  composition  in  his  life 
tables  and  also  from  the  smaller  body  size  of 
this  seal  (described  in  an  earlier  chapter),  it 
may  suggest  that  the  land-breeding  seal  in 
British  Columbia  does  not  live  longer  than  the 
ice-breeding  seal,  and  its  longevity  may  be 
about  30  years. 

Dilterences  in  longevity  of  males  and  fe- 
males are  still  uncertain;  however,  the  resnte 
by  Tikhomirov  (1971),  Naito  and  Nishiwaki 
(1975)  and  Bigg  (l%9a)  may  indicate  that  fe- 
male seals  live  longer  than  males. 

Population 


The  population  studies  on  the  North  Pa- 
cific harbour  seal  are  quite  scarce.  Some  local 
populations  of  rtchaM  seal  were  estunated  bv 
observation  counting  or  biological  method. 
However,  no  such  studies  seem  to  have  been 
performed  in  the  Bering  Sea  and  the  Sea  of 
Okhotsk. 

Larfjha  seal 

Scheffer  (1958)  listed  the  estimated  pop- 
ulations of  all  pinnip^,  and  for  the  largha 
seal  he  estimated  20  (X)0-50  (XX),  though  pop- 
ulation studies  seem  to  have  been  rare  on  me 
pelagic  and  migratory  largha  seal. 


Rkhadnaea 


As  to  the  coastal  and  sedentary  richardsi 
seal,  much  information  is  reported.  In  British 
Columbia,  Spaldina  (1964)  uidicated  the  pop- 
ulation size  as  17  WO  seals.  Bigg  (l%9a)  also 
estimated  the  population  of  the  same  British 
Columbia  population  as  1 1  400  to  35  000  seals 
by  the  biological  method.  In  Alaska,  Imler  and 
Sarber  (1947)  reported  that  at  least  6  000  seals 
inhabit  the  mouth  of  the  Copper  River,  and 
Bishop  (MS  1968.  cited  in  Bigg,  1969a)  sug- 
gested that  between  12  0(X)  and  17  000  seals  are 
found  on  Tugidak  Island  after  the  pupping 
season.  In  the  Commander  Islands,  Marakov 
(1968)  suggests  that  the  population  of  these 
seals  was  reduced  in  the  thirties  and  forties  and 
has  now  recovered  to  exceed  1  SCO  seals.  In  the 
Kurile  Islands,  Belkin  (1964)  and  Belkin,  Ko- 
Sygin  and  Panin  (1969)  reported  that  the  island 
seal  (richardsi-kurilensis)  exists  in  all  28  sou- 
thern Kurile  Islands,  and  that  676  seals  in 
Maloi  Island,  286  in  Shikotan  Island,  238  in 
Iturup  Island,  148  in  Makanruski  Island.  100  in 
Demina  Island,  80  m  Lisink  Island,  and  92  m 
Simushir  Island  were  observed  in  August  1963. 
From  these  findings,  he  estimated  that  about 
1  700  seals  in  total  (except  pups)  exist  in  all  28 
southern  Kurile  islands  and  that  the  total  po- 

5ulation  of  the  Kurile  Islands  is  about  2  000  to 
SOO  seals.  The  total  populati<m  of  richardsi 
seal  from  Alaska  to  California  was  estimated 
by  Scheffer  (1958)  as  50  000  to  200  000. 
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STATUS  OF  THE  MAIN  ICE-LIVING  SEALS  INHABITING 
INLAND  WATERS  AND  COASTAL  MARINE  AREAS  OF  THE  USSR 


UL  Popov 


Atttnd 

Information  is  given  on  the  biology  and  exploitation  of  seab  living  on  ice  in  waters 

within  or  near  the  Soviet  Union,  the  forms  bciny  divided  into  three  geographical  areas:  harp 
(i'agophilus  groenlandtcus)  and  hooded  (Cysiophora  cristata)  seals  in  seas  of  the  eastern  North 
AUuitic  and  adjacent  southern  Arctic  Oceans;  ribbon  (Histriophoca  fasciata)  and  largha 
(Phnni  largha)  seals  in  the  western  North  Pacific:  ringed  (Pusa  hispida)  and  bearded  {Eri- 
gnaihus  barbaius)  seals  in  both  these  areas;  and  the  Caspian  seal  (Pusa  caspica)  and  Baikal  seal 
(P.  sUfMca)  in  inland  waters.  Lengths,  weiglitB  and  petage  adoration  of  adolts  and  pujis  are 
given  for  each  specie^:  other  disiinuuishing  characteristics  are  sometimes  also  included.  There 
is  some  information  on  reproductive  biology  and  natural  mortality  available  for  most  kinds  of 
seals:  information  given,  though  not  always  for  all  species,  indudes  age  at  sexual  maturity  and 
at  first  mating,  mean  and  maximum  aces  of  breeding  seals,  prcgnancv  rate,  limine  nf"  mating 
activities,  length  of  gestation  and  nursing,  causes  and  rates  of  natural  mortahiy  of  pups  and 
older  animals.  Hie  trophic  rdations  of  these  seals  are  poorly  or  only  partly  known  for  some 
species  or  for  them  in  some  areas  of  their  distribution.  thuuL:it  relatively  more  information  is 
available  for  others,  for  example,  for  Caspian  and  largha  seals;  information  given  includes 
species  eaten,  seasonal  pattern  of  eating  and  fasting,  especially  in  relation  to  reproduction,  and 
difTerences  in  diet  by  age. 

Harp.  Caspian  and  ringed  seals  are  the  most  numerous  species:  the  others  arc  found  in 
lesser  numbers,  especially  hiK)ded  seab,  which  do  nut  breed  in  Soviet  waters.  The  distribuuon 
and  movements  of  the  seals  are  discussed,  usually  in  relation  to  breeding,  mouMng,  feeding 

and  changing  ice  conditions  and  mov  ements:  most  species  undertake  a  migration  lo  areas  of 
heavy  ice-cover  to  breed  and  moult  in  groups  in  the  late  winter  or  early  spring,  dispersmg  into 
a  wider  distrihution  when  the  ice  melts,  to  foed  throughout  the  summer. 

A  brief  history  of  the  exploitation  and  management  of  each  spedcsis  given,  this  often 
including  a  period  of  decline  due  to  over-bunting  by  landsmen,  sealing  vessels  or  both, 
followed  by  one  of  recovery  after  catch  finits  have  beoi  imposed.  Caspian,  harp  and  Baikal 
seals,  ringed  and  bearded  seals  in  theNoithPlaciric  and  ribbon  seals,  have  been  studied  more 
than  the  other  forms,  this  depending iaigely  on  these  seals'  commercial  value.  Exploitation  of 
bearded  seals  depends  on  the  needs  of  die  local  coastal  populations;  for  BKMtof  ^  other 
species,  ready  markets  exist  for  their  products,  especially  fur,  but  harvests  are  limited  by  the 
condition  of  the  stocks  and  often  the  need  to  restore  them. 

Des  informations  sont  foumies  sur  la  biologie  el  rexploilalion  des  pinnipides  vivant  sur 
tegfaMedanskseatixintirieiivesoulimitiophesderUR^IesfoniMsserftpaitiisantenl  361 
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zones  g^dizraphiqucs:  lev  phot^iics  du  (irocniand  { PoiiophHus  i^ntenfandicus)  ct  tes  phoquesA 
capuchon  (Cyslophora  cristaia)  dans  Ics  caux  dc  I'Allantiquc  Ni)rd-i-.st  cl  ics  mws  udjacenles 
du  sud  de  l*oo6aii  Arctiqiie;  les  phoques  h  bande  (Hbtriophoca  fasciata)  et  les  phoques 
lachctds  (Phoca  lar^ho)  dans  Ic  Pacifique  Ndrd-Oucsl;  les  phoques  anneies  {Pusa  hhpida)  et 
barbus  ( Erit^nathus  barbatus)  dans  ces  deux  zones;  les  phoques  de  la  Caspicn  no  ( Pusa  caspica) 
et  les  phoques  de  Sibirie  {P.  sibmca)  dans  les  eaux  intirieures.  La  longueur,  le  poids  et  la 
coloration  du  pelage  des  adultes  et  des  veaux  sont  indiques  p<^ur  chaquc  csp^cc:  d'autres 
caractiristiques  disUnctives  sont  parfois  aussi  incluses.  On  irou\ x-  q  uclq  ucs  in  formations  sur  la 
biologie  de  la  reproductifni  et  la  mortaBti  natnrelle  de  la  plupart  des  espcccs:  les  informationB 
foumies.  encore  qu'elles  ne  couvrent  pas  toujours  toutes  les  espices,  comprennent  V&ge  de  la 
maturilc  sexuelle  ct  au  premier  accouplement.  les  ages  moycns  et  maximaux  des  reproducieurs. 
les  taux  de  gestation,  I'^poque  des  accouplemenis,  la  duree  de  la  gestation  et  de  rallailenient. 
les  causes  et  les  taux  de  mortality  naturelle  des  veaux  et  des  animaux  plus  ages.  Les  lelations 
trophiques  de  ces  phoques  sont  mal  ou  partiellement  connues  pour  ceriainc>.  cspt^cc;,  ou  pour 
ccrtaincs  zones  de  distribution  dc  ces  cspdccs,  bien  qu'on  posscdc  rclativcmcnt  plus  d  infor- 
maikmt  tmr  dViutfes  phoques.  par  exemple,  les  phoques  de  la  Caspienne  et  tes  phoques 
tacheli^s:  Ics  informations  foumies  comprennent  les  esp6ces  consommdcs,  Ics  modes  saison- 
niers  d'alimentation  et  de  jeune,  sp^ialement  pour  ce  qui  est  de  la  reproduction  et  des 
difSSrences  de  nigime  aUmentaire  en  fonction  de  I'flge. 

I  phoques  du  Groeniand.  de  la  Caspienne  et  les  phoques  anneies  sont  les  esp^ces  les 
plus  nombrcuscs;  Ics  autrcs  sc  rcnconlrent  cn  nombres  moins  importants,  sp^ialement  les 
phoques  a  capuchon.  qui  ne  se  reprodnisent  pas  dans  les  eaux  sovi6tiques.  La  distribution  et 
les  deplacenienLs  des  phoques  sont  examines,  g6n6ralement  en  fonction  de  la  reproduction,  de 
la  mue,  de  I'alimentation  el  des  changements  des  ituls  et  du  mouvcmeni  des  glaces:  presque 
toutes  les  esp^ces  entreprennent  une  migration  vers  les  regions  oil  la  glace  est  ^paisse  pour  se 
repioduireet  muercngroupes,  d  la  fin  dc  rhivcrt  m  .m  dchm  An  prinieinps;elliessedisperseni 
ensuite.  assumant  une  ^partition  plus  large  quand  la  glace  fond,  pour  se  noonir  pendant  tout 
Tele. 

Un  bref  historique  de  I'exploitation  et  de  la  gestion  de  chaque  esptee  est  efTectu^:  ony 
remaique  une  pcriodc  dc  dcclin  due  a  unc  surcxploitation  par  Ics  chasseurs  a  lerre.  Ics  bateaux 
—  ou  les  deux  -  suivie  d'une  periode  de  reprise  apres  imposition  de  Umiics  dc  capture.  Les 
phoques  dc  la  Caspienne.  du  Groeniand  et  de  Sib^ric,  les  phoques  annel^  et  barbus  dans  Ic 
Pacifique  Nord  et  les  phoques  a  bande  on  iii  plus  ^tudi^s  que  les  autres  formes,  ce  qui  depend 
dans  une  grandc  mcsurc  dc  Icur  valeur  commerciale.  L'exploiiauon  des  phoques  barbus 
dipend  des  besoins  des  populations  oAtiires  locales;  pour  la  majority  des  autres  esptees,  il 
existe  des  maorhds  qui  sont  prets  a  absorber  les  produils,  speeialement  la  foumirc,  mais 
I'exploitation  est  limitde  par  I'^tat  des  stocks  et,  souvent,  la  necessite  de  les  reconstituer. 

Extraent 

Se  informa  sobre  la  biologia  y  la  cxplolad6n  de  las  focas  de  los  hielos  que  se  encuentran 
en  aguas  situadas  dentro  o  oerca  <te  la  Unidn  Sovi^tica,  dividitodolas  por  zonas  geogrilflcas: 
fdcj  de  Groenlandia  ( Pagophilus  groenlandicus)  y  capuchina  {Cvsiophnni  rri.suiKi)  de  los 
mares  del  nordeste  del  Atl^ntico  y  aguas  meridionales  adyacentes  de  los  oceanos  arlicc»;  foca 
fajada  (Histriophoca fasciata)  y  larga  ( Phoca  tar^ha)  del  noroeste  del  Padfioo;  foca  marbreada 
{Pusa  hispida)  y  barbuda  {Erignathus  harhoius)  de  ambas  zonas;  v  foca  del  Caspio  [Pusa 
ca^^ea)  y  del  Baik  a  I  ( />.  sibirka),  que  viven  en  aguas  oontinentales.  Se  indica  la  longitud,  peso 
y  ooioraciAn  del  pclajc  de  los  adnltos  y  cadiorros  de  cada  una  de  las  especies.  indkando  a 
vcccs  otros  elementos  distintivos.  Se  dan  algunos  datos  sobre  la  biologia  repioductiva  y  la 
mortalidad  natural  de  la  mayoria  de  estas  especies  dc  focas.  cn  especial  (aunque  no  siemprc  se 
dispone  de  datos  sobre  todas  las  especies):  edad  en  el  momento  de  la  madurez  sexual  y  de  la 
362    primem  cftpula*  edades  media  y  tnixinia  de  los  leproductores.  Indices  de  preikez,  momento  de 
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la  copula,  duracidn  dc  la  gestacion  y  la  Iactaci6n.  caiis.is  i-  imiici ■^  mortalidad  natural  do  li>s 
cachorros  y  dc  lus  adultos.  Sobrc  las  relaciones  irolkas  dc  csias  t'ocas  cn  general  i>  en 
detenninadas  partes  de  ia  Area  de  dtttribuddn  se  sabe  muy  poco  o  se  dispone  s6lo  de  dalos 
parciales,  aunque  sobre  algunas  especies  hav  informacion  reiativamcnte  mas  abiindantc. 
como,  por  ejempk),  sobre  las  focas  del  Caspio y  larga.  La  informacion  que  sc  prcscnta  incluye: 
especies  que  oomen,  distribuciAn  estacional  de  los  periodos  de  alimentaci6n  y  ayuno.  espe- 
dabnenlc  on  rclacion  am  la  reproduction.  \  difcrcncias  en  la  dicia  set'iin  la  edad. 

La  foca  de  Groenlandia,  la  del  Ca&pio  y  la  marbrcada  son  las  mas  numcrosas,  las  dcm^ 
se  encuentran  en  menor  nAmero,  especiabnente  la  foca  capuchlna.  que  no  se  reproduce  en 
aguas  sovieticas.  Se  examinan  la  dislnhucion  v  los  movimicnlos  migralorios  dc  csas  focas.  que 
dc  ordinario  est^n  rclacionados  con  la  reproduccion,  la  muda,  ia  aiimentacion  y  las  variacio- 
nes  del  estado  de  los  hielos  y  sus  desplazamientos:  la  mayoria  de  las  especies  se  desplazan 
hada  zonas  de  hielos  abundanlcs  a  fmalcs  del  invicmo  O  princtpios  de  la  primavcra.  para 
rcproducirse  y  mudar.  dispersandose  luego  durante  el  verano  cuando  los  hielos  se  funden, 
para  buscar  alimcntos. 

Se  da  una  breve  historia  de  la  explotad6n  y  regulacion  de  cada  una  de  las  especies.  que 
mucs|r;i  lic  ordinario  un  pcriodo  cn  cl  que  su  ni'irncro  ha  ido  disminuycndo  debido  a  la 
exploiaciun  exce!>iva  (pur  los  nativos  o  en  cacerias  mdustnales),  seguido  por  otro  de  recupe- 
raci6n,  una  vez  adoptados  Umites  de  captun.  Las  focas  del  Caspio,  de  Groenlandia  y  del 
Baikal.  Ia.s  focas  marbreada  y  barbuda  del  norte  del  Pacifico  y  ia  foca  fajada  se  ban  estudiado 
mis  a  fondo  que  las  dem^  especies,  debido  pnncipalmcnte  a  su  valor  comcrcial.  La  cxplo- 
taci6n  de  la  foca  barbuda  depende  de  las  necesidades  de  los  habitantes  de  las  zonas  costeras. 
Pbrloquc  sc  rcflcrc  a  las  demas  especies.  los  prodiicios  quededlas  sc  oblicncn  encuentran 
fikil  mercado,  sobre  todo  las  pieles,  pero  la  explotacion  se  vc  limitada  por  la  situacion  dc  las 
poblackmes  y,  a  menudo.  por  U  neoesidad  de  lomar  medidas  para  que  se  recuperen. 


L.A,  Popov 

VNIRO.  17  y.  Karmosebkaya.  Moscow  B-140.  USSR 
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This  paper  is  concerned  with  the  species 

of  icc-inhabitme  seals  found  in  the  inland  wa- 
ters  and  aiastal  marine  areas  of  the  USSR. 
The  condition  of  the  ice  and  the  timing  of 
annual,  bk>l(^cal  events  in  these  seals  are 
closely  connected.  Their  distribution  may  be 
divided  into  3  geograptiic  areas: 

(i)  seas  of  the  northeastern  Atlantic  Ocean 
and  adjacent  waters  of  the  Arctic  Ocean 
(Barents  Sea,  White  Sea  and  Kara  Sea) 
-  harp  seal  (Pagophilus  groenlandicus), 

ringed  seal  (Pusa  hispida),  bearded  seal 
(Erignathux  harbatus)  and  hooded  seal 
{Cyslophora  crisiala)\ 

(ii)  seas  of  the  North  Pacific  OcNUl  (Bering 
Sea  and  Sea  of  Okhotsk)  —  ringed  seal 
{Pusa  hispida),  ribbon  seal  {Histriophoca 
faaeiata)^  beuded  seal  {Erignatlws  bar- 
IhOus)  and  largha  seal  (Phoea  hr^); 

(iii)  inland  waters  (Caspian  Sea  and  Lake 
Baikal)  -  Caspian  seal  (Fusa  caapica) 
and  Baikal  seal  (Fuaa  Sirica), 

The  abundance  of  these  seals  varies  over 
their  distribution:  the  most  numerous  are  the 
harp.  Caspian  and  ringed  seals;  bearded,  rib- 
bon, largha  and  Baikal  seals  are  found  in  lesser 
numbers;  hooded  seals,  ranging  over  the 
North  Atlantic  seas,  are  foond  in  very  small 
numbers  in  the  eastern  Barents  Sea. 

Besides  ice-living  seals,  very  small  num- 
bers of  other  pinnipeds  inhabit  the  inland  wa- 
ters and  adjacent  marine  areas  of  the  USSR: 
the  Atlantic  and  Pacific  walruses,  northern  fur 
seal,  northern  sea  Uon,  grey  and  largha  seals  of 
the  Barents  and  Baltic  Seas,  ringed  seal  of 
Lake  Ladoga  and  the  Baltic  Sea,  and  the  Kuril 
seal.  Some  of  them  are  subject  to  strictly  con- 
trolled small-scale  scaling  -  the  ringed  seal  of 
Lake  Ladoga,  northern  mr  seal  and  the  Pacific 
walrus,  the  latter  u.sed  only  for  the  subsi.stence 
needs  of  the  local  population  of  Chukolsk  - 


while  exploitation  of  species  such  as  the  At- 
lantic walrus  of  Arctic  waters,  island  seal, 
Steller's  sea  lion,  grey  and  common  seals  of  the 
Baltic  Sea  and  the  grey  seal  of  the  southern 
Barents  Sea  is  completely  forbidden. 

The  amount  of  research  devoted  to  the 
distribution,  abundance,  biology  and  ecology 
of  the  main  ice-living  seals  varies  by  species 
and  area  of  distribution.  Thus,  the  Caspian 
harp  and  Baikal  seals,  the  ringed  and  bearded 
seals  of  the  North  Pacific  and  the  ribbon  seal 
have  received  the  most  study  in  comparison 
with  other  forms. 

Further,  present  knowledge  and  re- 
seaich  programmes  dq>end  ereatly  on  each 
species*  craimeicial  value  in  cmennt  parts  of 
its  range. 


Seals  of  the  northeastern  Atlantic  Ocean 
and  adjacent  waters  of  the  Arctic  Ocean 


Harp  seal 

Adult  harp  scab  have  a  maximum  zoo- 

loiiical  lencth  of  190  cm  and  a  bodv  wcicht  of 
160  kg.  Newborn  pups  measure  80-90  cm  in 
length  and  weigh  8-9  kg.  Pups  are  bom  in  the 
fluffy,  white  embr\'onic  pelage  which  changes 
to  a  light  grev  background  with  small  spots  of 
brown  and  black  after  the  pups'  first  moult. 
This  basic  coloration  continues  in  immature 
seals  1  year  and  older.  The  background  colour 
of  adult  animals  is  near-white,  with  2  large, 
elongated  spots  on  each  side  of  the  trunk,  re- 
sembling joined  wing$;  the  head  is  black. 

DistrUnttUm  and  Movements 

The  harp  seal  is  found  in  the  pelagic 
areas  of  the  North  Atlantic  seas  \o  the  fringe  of 
the  drift  ice  in  the  Arctic  Ocean.  Waters  to  the 
east  of  Spitsbogen  and  to  the  west  of  the  No- 
vaya  Zemlya  archipelago  serve  as  its  western 
and  eastern  limits,  respectively.  The  sununer 
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and  winter  limits  of  the  ice  fringe  act  as  the 
species'  northern  and  southern  boundaries. 

From  summer  to  autumn,  the  seals 
inhalrit  the  pre-fringe  zone  of  ice  in  the  Ba- 
rents and  Kara  Seas,  where  they  are  usually 
observed  in  groups  in  the  waters  of  western 
Spitsbergen,  the  gulf  and  straits  of  the  Franz 
Josef  Land  archipelago,  off  northern  Novaya 
Zemlya  and  in  the  straits  of  Severnaya  Zem- 
iya.  In  autumn,  concurrent  with  the  expansion 
of  the  ice  fringe  to  the  south,  seals  begin  to 
migrate  activdy,  mainly  along  the  eastern  and 
western  shores  of  Novaya  Zemlya;  aggrega- 
tions of  seals  appear  near  the  coast  of  the 
Kapin  Peninsula  in  late  autumn  and  in  the 
White  Sea  in  January  and  Februaiy.  During 
reproduction,  the  animals  form  dense  concen- 
trations on  drifting  ice  in  the  White  Sea  and 
adjacent  ice  areas  of  the  Barents  Sea;  passive 
migrations  on  ice  from  the  middle  part  of  the 
White  Sea  into  the  area  of  the  ice  fringe  in  the 
Barents  Sea  occur  during  reproduction  and 
moulting.  In  the  middle  or  end  of  May,  the 
harp  seals  leave  the  ice  and  renew  their  active 
migrations  to  the  southern  areas  of  the  Barents 
and  Kara  Seas,  where  they  remain  throughout 
the  summer  and  early  autumn. 

Cemm  and  Status 

The  primary  method  of  calculating  the 

abundance  of  harp  seals  in  Sov  iet  waters  is  the 
use  of  aerial  photography  during  the  period  of 
their  greatest  concentration  on  ice.  In  the  past 
25  years,  censuses  of  this  type  have  been  re- 
gularly  conducted  every  3-4  years,  making  2 
different  counts  during  each  census:  one  of 
adult  females  during  the  breeding  season  fol- 
lowing the  mass  puppmg  period,  another  of  all 
animals  on  the  moulting  grounds,  excluding 
pups  of  the  year.  In  recent  years,  a  mass  col- 
lection of  teeth  has  been  made  in  order  to 
determine  the  age  composition  of  reproducing 
females.  Both  censuses  are  made  using  parallel 
air  tracks,  usually  at  a  photographic  scale  of 
1:1500. 

In  cakukting  die  number  of  adult  fe- 


TaMc  I.  CcBstis  of  reproducing  faarit  hup  mil,  bdbK 
Uologkai  coiTCCtioas 


Year 

Nunttwr  of 
females 

1963 

65.0 

1968 

TOiS 

1970 

811 

1973 

92.7 

males,  actual  working  counts  are  corrected  in 
accordance  with  various  biological  factors, 
indudmg,  inter  alia,  seals  remaining  in  the 
water,  late  parturition  of  some  females  and 
small  aggregations  not  covered  by  the  survey; 
males  are  excluded  from  the  count  by  the  for- 
mer's characteristic  distribution  on  the  ice.  The 
estimated  number,  before  biological  correc- 
tions, and  mean  age  of  reproducing  harp  seals 
determined  in  recent  years  are  given  in  Tables 
1  and  2. 

Reproductive  Ctpadty 

Harp  seal  females  reach  sexual  maturity 
at  age  3,  but  most  first  lake  part  in  mating 
between  4  and  6;  males  become  sexually  ma- 
ture at  age  4.  Females  give  birth  annually;  the 


1  aUc  2.    Mean  age  of  reproducing  female  harp  M.'aL<» 


Year 

Mean  age 
(in  years) 

l%3 

S.1 

1964 

S.4 

l%9 

\22 

1970 

11.8 

1971 

13.0 

1972 

13J 

1973 

13.6 

1974 

14.1 
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pregnancy  rate  appears  to  decrease  from  age 
25  onward.  Available  data  indicates  that  a 
high  percentage  of  mature  females  do  not  be- 
come pregnant  each  year,  perhaps  as  high  as 
20  %  or  more.  Corrected  photo-survey  data 
show  a  total  of  1 1 1  000  reproducing  females 
present  in  1973,  presumably  producing  the 
same  number  of  pups. 

Natural  Mortality 

The  causes  of  natural  mortality  and  the 
associated  vital  rates  have  not  been  studied 
completely  for  all  age  and  sex  groups.  New- 
bom  and  lactating  pups  have  received  the 
most  attention  in  this  area:  pups  may  be  still- 
bom,  may  die  from  exhaustion  when  lost  from 
females,  or  from  serious  injuries  obtained 
from  adult  animals,  or  may  be  crushed  or  cut 
by  the  ice.  especially  during  the  first  few  days 
of  life.  Excluding  the  latter  factor,  the  natural 
moftality  late  for  pups  is  4-S  %  during  the  lac- 
tation period. 

Explmtation 

Large-scale  Soviet  and  Norwegian  seal- 
ing operations  have  been  based  on  the  harp 
seal.  The  highest  average  combined  annual 
catch  of  both  countries  was  353  000  for  the 
period  1925-29;  during  the  post-war  period, 
1947-31,  the  annual  combined  seal  catch  lluc- 
tuated  between  146  000  and  192  000  animals. 

As  the  number  of  seals  decreased,  an- 
nual Soviet  harvest  limits  were  established: 
from  1935,  no  more  than  100  000  animals 
could  be  taken  by  sealing  vessels,  and  from 
1963  this  limit  was  reduced  to  60000  and  the 
taking  of  females  during  the  breeding  season  was 
forbidden.  As  from  1965,  sealing  from  vessels 
was  slopped  and  the  annual  harvest  by  the 
local  population  was  restricted  to  20  000  pups. 
Sealing  from  vessels  continues  to  be  banned 
and  the  present  annual  catch  limit  for  the  local 
population  is  30  000  pups;  the  killing  of  adult 
seals  during  the  tmeding  season  is  forlMdden. 


Annual  catches  by  Norwegian  sealine  vessels 
m  the  Barents  Sea  have  fluctuated  between 
6400  and  13  300  animals  for  the  years 
1963-74 

Regulation  of  sealing  is  provided  for  by 
the  agreement  between  the  USSR  and  Norway 
on  the  regulation  of  sealing  and  conservation 
of  stocks  in  the  northeastern  Atlantic  Ocean. 
As  a  result  of  regulations  adopted  during  the 
past  10  years,  there  has  been  an  mcrease  m  the 
numbers  of  harp  seals  in  the  White  Sea  stock, 
indicated  by  aerial  photo  censuses  and  diang- 
ing  factors  in  the  age  composition  of  repro- 
ductive females. 

Trophic  Relationships 

Trophic  relationships  of  the  harp  seal 
have  not  yet  been  studied  thorcmghiy  owing  to 
the  inaccessibilitv  of  the  animals  during  the 
summer  and  autumn  period  of  intensive  feed- 
ing, when  th^  are  widefy  dispersed  in  small 
groups  alon|  me  edge  of  die  Arctic  ice. 

Some  mformation  can  be  gained  during 
the  breeding  and  moulting  season,  when  seals 
form  dense  concentrations  on  ice  in  the  White 
and  Barents  Seas;  during  that  time  (Februa- 
ry-May) the  seals  almost  never  feed,  living 
instead  on  the  fat  accumulated  m  the  summer 
and  autumn.  In  the  summer,  harp  seak  feed 
mainly  on  small  crustaceans,  including  Eu- 
phausidae,  and  also  on  amphipods  and  small 
molluscs.  In  autumn,  the  seals'  distnbuiion  is 
dosely  connected  with  that  of  the  Arcdc  cod 
(Arctogac/us  i^laciaUs)  and  capelin  {Mallotus 
villosus)  in  the  Barents  and  Kara  Seas  and  in 
the  White  Sea  in  early  winter. 

Need  for  Seal  Products 

The  products  obtained  fiom  sealing  (fhr, 

fat  and  meat)  are  of  great  significance  in  the 
economy  of  the  people  living  on  the  coast  of 
the  White  Sea.  Although  the  need  for  seal 
pfodiicte  inoeases  annually,  the  present  state 
of  the  harp  seal  population  requires  strict  li- 
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mils  on  exploitation  to  encourage  the  future 
restoration  of  the  stock  to  its  former  abund- 
ance. 


Ringed  seal 

Adults  have  a  zoological  length  of 

120-150  cm  and  a  body  weight  reaching  80  kg. 
Newborn  pups  arc  55-65  cm  in  length  and 
weigh  up  lo  5  kg.  The  pelage  coloration  of 
adult  mde  and  female  ringed  seals  k  tiie  same: 
the  main  background  colour  of  the  back  varies 
from  brown,  to  grey  with  olive  shading,  to  dark 
grey  and  almost  black;  the  belly  is  light  grey 
with  silver  shading. 

Light -co loured  veins  are  interlaced  on 
the  main  background  forming  a  net  or  lace 
design  that  produces  oval  rings;  individuals 
are  sometimes  seen  without  the  characteristic 
colouring  of  the  species,  but  bearing  a  faint 
ring-like  lace  pattern  instead.  The  embr\onic 
coat  of  newborn  pups  is  long  and  white, 
changing  to  a  short  pelage  with  the  character- 
istic  adult  coloration,  following  tiie  first 
moult. 

Distribution  and  Movements 

It  is  believed  that  only  I  sub-species  of 
the  ringed  seal,  i.e.,  Fusa  hispida  hispida,  is 
found  in  the  northeastern  Athintic  (the  White 
and  Barents  Seas)  and  Pacific  (the  Kara  and 
Laptev  Seas)  Oceans.  In  the  western  part  of  its 
ranse,  F.  h.  hispida  inhabits  the  gulfs  and  bays 
oi  the  Kohl  Peninsula,  the  White  Sea  coast  and 
the  southeastern  Barents  Sea;  they  are  also 
usually  found  in  the  Cheshsky  Gulf  and  Pe- 
chora Sea.  To  the  east,  numerous  ringed  seals 
occur  in  the  southwestern  Kara  Sea,  near  the 
eastern  coast  of  White  (Bely)  Island,  and  in 
Malygin  Strait  and  Baydaratskava  Bay;  seals 
are  also  observed  in  Tazovskaya  and  Obskaya 
Bays,  off  the  coast  of  Yamal  Peninsttki  and 
further  east  in  gulfs  and  bays.  In  the  Laptev  Sea 
ringed  seals  are  most  abundant  in  its  largest 
gulfs,  including  Hatangsky,  Anabarsky,  Ole- 


neksky  and  Japskv.  The  distribution  and 
abundance  of  the  ringed  seal  m  the  East  Sibe- 
rian and  Chuckchi  Seas  are  poorly  studied;  it 
can  be  supposed  that  several  stocks  inhalnt  die 
entire  Arctic  coast.  Seals  can  be  observed  not 
only  in  the  coastal  areas  of  Soviet  Arctic  wa- 
ters, but  also  in  the  ureas  of  drift  ice  of  the 
central  Arctic  and  on  smaO  islands  and  large 
archipelagos. 

Ringed  seals  do  not  engage  in  long,  mass 
migrations;  their  movements  are  mostW  local 
and  are  oonne^ed  with  feeding  and  fnictuft- 
tions  in  the  condition  of  the  ice.  There  are 
known  cases,  however,  of  animals  swimming 
long  distances  to  move  up  nvers,  sometimes  10 
km,  when  feeding  on  fish  Aoab. 

Status 

It  is  thought  that  ringed  seals  in  the  seas 
of  the  northeastern  Atlantic  Ocean  and  the 
seas  of  the  Arctic  Ocean  are  abundant  enough 
to  sustain  commercial  sealing.  However,  many 
areas  have  not  been  studied  and  censuses  have 
not  yet  covered  a  large  area:  it  is,  therefore, 
impossible  to  estimate  the  number  of  ringed 
seals  in  Soviet  waters. 

Reproductive  Capacity 

Males  and  females  become  sexually 

mature  at  age  7-8  and  age  5,  respectively;  how- 
ever, females  do  not  begin  to  reproduce  until 
2-3  years  later.  The  number  of  mature  females 
that  do  not  become  pregnant  in  any  one  year 
may  reach  30  %.  Females  generally  give  birth 
to  1  pup  and  nursing  occurs  inside  a  snow  den 
and  lasts  tor  about  1  month.  The  duration  of 
the  mating  period  is  not  known  and  gestation 
lasts  about  1 1  months. 

Exphitation 

Organized  exploitation  of  the  ringed  seal 
by  local  people  only  occurs  in  some  areas  367 
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along  the  entire  Arctic  coast  and  stocks  are 
presently  underex]^loitecl.  Sealing  is  regular 
and  intensive  ooty  m  the  White  Sm,  «4iere  an 
annual  harvest  hmit  of  3  500  has  been  esta- 
blished. 

Tn^fkic  ReUttionshif^ 

The  trophic  relationships  of  the  ringed 
seal  have  been  poorly  studied  in  the  different 
areas  of  its  distnbution,  especially  in  the  Kara 
and  Laptev  Seas.  In  waten  north  of  Europe,  its 
main  food  items  are  crustaceans  and  fish.  In 
winter  and  autumn  ringed  seals  feed  mainly  on 
fish;  polar  ood  (Boreogadus  sarda)  sometimes 
accounts  for  90  %  of  all  food  taken,  the  re- 
mainder, including  navapa  {F.le^inus  nava^d), 
capelin,  smelt  (Osmerus  eperlanus),  flounder 
(Pkttichthys  flesus  Jlesus)  and  sand  eel  {Am- 
modytes  spp.).  Crustaceans  form  the  greater 
part  of  this  species  diet  in  the  summer  months. 
In  the  White  and  Barents  Seas,  the  main  food 
iteott  indvde  siHne  oommeidal  fish  species 
Si^  as  herring  (Clupea  harengus)  and  navaga: 
ringed  seals  form  dense  concentrations  while 
feeding  on  salmon  {Salmo  salar)  during  the 
tetter's  migration  in  the  rivers  of  the  K<^  Pen- 
insula.  Because  ringed  seals  feed  on  a  wide 
range  of  prey,  the  future  availabilily  of  their 
food  supply  is  not  endangered. 

Need  for  Seal  Products 

The  products  obtained  from  ringed  seals 
(pelts,  fat  and  meat)  are  used  by  the  local 
Arctic  population  for  producing  a  variety  of 
fur  goods,  as  human  and  dog  food  and  as  bait 
in  hunting  (e.g.,  for  polar  fox).  Future  exploi- 
tation of  the  ringed  seal  in  remote,  as  yet 
nnexploited,  Arctic  areas  will  naturally  pro- 
vide additional  seal  products. 

Bearded  seal 

The  bearded  seal  is  a  large  animal, 
reaching  a  maximum  zoological  length  of  270 


cm  and  a  maximum  weight  of  300  kg;  new- 
borns measure  about  120  cm  and  weigh  up  to 
23-30  k^.  The  species  has  scmiewhat  imusual 
proportions,  with  a  large  body  and  a  small 
head.  Males  and  females  have  the  same  color- 
ation: the  back  is  of  an  olive-brown  colour, 
while  the  belly  has  fairly  numerous,  small 
faded  spots  and  touches  unevenly  distributed 
on  a  light  grey  background:  the  sides  are  often 
covered  with  brown  spots.  The  mystacial  vi- 
brissae  are  sleek,  muddy  white  in  ootour  and 
hang  over  the  lower  lip  like  a  beard.  The  em- 
biyonic  pelage  is  shed  before  birth. 

Distribution  and  Movements 

In  the  White,  Barents  and  Kara  Seas,  the 
bearded  seal  is  found  in  practically  all  shallow 

coastal  areas  that  are  free  of  shorefast  ice  in  the 
winter  months.  The  distribution  of  this  species 
is  greatly  affected  Inr  the  ice  ooa<tttions,  as  well 
as  by  the  availabmly  of  currents  and  tidal 
flows,  the  presence  ci  food  items  and  other 
factors. 

In  March  and  April,  the  primary  pup- 
ping grounds  are  Mezensky  Bay  and  the  en- 
trance to  the  White  Sea,  southeastern  Barents 
Sea  and  its  adjacent  gulf,  the  coast  of  Novaya 
Zemlya  and  waters  near  Spitsbergen;  the  low- 
est numbers  of  females  are  found  in  the 
southern  White  Sea,  in  western  areas  of  the 
Kara  Sea  and  near  Medvezhy  (Bear)  Island  in 
the  Barents  Sea.  During  the  moulting  season, 
from  the  end  of  April  to  the  beginning  of  Au- 
gust, £.  barbaius  is  most  numerous  in  the 
shallow  area  between  the  Kolguev  and  Kanin 
Peninsulas,  on  the  drift  ice  in  the  eastern  Ba- 
rents Sea  and  near  F-ran/  Josef  Land.  In  the 
Kara  Sea,  concentrations  of  bearded  seals  are 
annually  observed  in  the  Kara  Gate,  Bayda- 
ratsky  Bay,  near  the  eastern  shore  of  Novaya 
Zemlya,  in  the  waters  of  the  western  Norden- 
sheld  Archipelago  and  off  the  southwestern 
coast  of  Sevemaya  Zemlya.  With  the  forma- 
tion of  the  shore  ice  and  the  onset  of  colder 
temperatures,  bearded  seals  become  more 
abundant  in  the  coastal  areas  of  the  W  hue  and 
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Barents  Seas  and  are  found  in  concentrations 
on  the  drift  ice  when  it  arrives  later  in  the 
season. 

Bearded  seals  engage  in  long  migntioDS* 

including  passive  movements  with  the  ice. 
Adult  seals  have  been  recorded  migrating  on 
ice  from  the  northern  White  Sea  into  the  east- 
ern Barents  Sea.  Young  animals  sometimes 
migrate  into  large  shallow  gulfs  in  the  southern 
White  Sea.  Seals  also  migrate  from  the  south- 
eastern Barents  Sea  along  the  western  shore 
of  Novaya  Zemlya  and  through  the  straits  into 
the  Kara  Sea.  Migrations  on  ice  have  been 
observed  to  southern  areas  of  the  Kara  Sea. 
Seals  sometimes  enter  river  estuaries  in  sum- 
mer and  animals  have  even  been  reoorded  in 
the  central  Arctic  not  far  from  the  North  Pde. 

Status 

E,  barbatus  is  not  an  abundant  species,  it 
18  a  solitary  animal,  though  individuds  found 
in  the  same  area  are  sometimes  observed  in 
aronps.  Bearded  seals  do  not  congregate  in 
large  concentrations.  It  is  diiTlcult  to  provide 
an  estimate  of  this  species  abundance  because 
it  has  not  beoi  sufficiently  studied. 

ReproJuciive  Capacity 

The  reproductive  biology  of  the  bearded 
seal  in  this  area  is  poorly  studied.  Males  reach 
sexual  maturity  at  age  5  and  females  begin  to 
take  an  active  part  in  reproduction  at  4.  Fer- 
tilization occurs  from  the  end  of  March  through 
June  and  intensive  development  of  the  embiyo 
begins  in  July  and  September:  gestation 
normally  last  10.5-1 1  months.  Usually,  1  pup  is 
bom  between  the  end  of  March  to  the  end  of 
May.  Up  to  2S  %  of  mature  females  fail  to  get 
pregnant  eadi  year. 

Natural  mortality 

The  causes  of  natural  mortality  and  as- 
sociated vital  rates  have  also  received  little 


study.  The  most  dangerous  predator  of  the 
bearded  seal  is  the  polar  bear,  especially  in 
more  northerly  areas.  The  viscera  have  been 
found  to  be  greatly  infected  with  helminths. 

Exploitation 

Sealing  vessels  in  the  White  and  Barents 
Seas  are  prohibited  from  taking  bearded  seals 
because  the  species  is  not  numerous.  Coastal 
people  do  take  this  seal,  but  the  number  of 
animals  killed  annually  is  not  known;  the  ex- 
tent of  the  catch  is  mainly  determined  by  the 
needs  of  the  local  population  and  this  situation 
is  expected  to  oontmue  in  the  lUture. 

Trophic  Relationships 

Trophic  relationships  of  the  bearded  seal 

have  received  insufficient  study.  It  is  known, 
however,  that  its  food  consumption  is  diverse 
and  includes  about  70  different  items:  various 
species  of  molluscs,,  gephyreans  and  crusta- 
ceans are  the  main  invertebrates  consumed; 
polar  cod  is  the  most  abundant  fish  in  its  diet, 
which  also  includes  fair  quantities  of  herring, 
navaga,  flounder  and  sand  eel 


Hooded  seal 

Cystophora  cristata  is  a  large  animal: 
males  reach  a  zoological  length  of  280  cm  and 
weigh  over  300  kg;  females  reach  230  cm  and 
weigh  160  kg.  Newborn  pups  measure  100-150 
cm  in  length  and  weigh  22-25  kg. 

Males  have  a  characteristic  hood  on 
their  head,  which  is  absent  m  females.  Adult 
pelage  is  generally  of  a  daric  grey  colour, 
sometimes  with  a  brown  tint:  different  sizes 
spots  varying  in  colour  from  dark  brown  to 
black  are  scattered  on  the  back  and  sides.  The 
belfy  is  light  grey,  sometimes  vaiying  to  etdier 
darker  or  lighter  tints.  The  embryonic  pelage  is 
shed  before  birth:  in  newborns,  the  back,  sides, 
dorsal  sides  of  the  back  flippers  and  the  tail  are  369 
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dark  grey  with  silver  and  blue  tints  while  the 
chesl  and  belly  are  white.  Spots  first  appear  at 
age  1  following  the  first  postpartum  moulL. 

DistrilnUion  and  movements 

The  hooded  seal  is  a  pelagic  animal, 
inhabiting  areas  of  the  open  sea  and  drifting 
shore  ice  in  the  North  Atlantic  Ocean;  only 
one  stock  is  believed  to  exist,  distributed  fh>m 
the  Gulf  of  St.  Lawrence.  Newfoundland  and 
Labrador  in  the  west  to  an  eastern  limit  near 
Novaya  Zemlya  and  the  Kanin  Peninsula  in 
the  Barents  Sea.  The  seals  are  concentrated  in 
2  areas  of  drift  ice  during  their  breeding  and 
moulling  periods:  (i)  Gulf  of  St.  Lawrence  and 
waters  northeast  of  Newfoundland,  and  (ii) 
the  area  of  Jan  Mayen  from  71'*N-74*N.  There 
are  no  aggregations  of  hooded  seals  In  waters 
adjacent  to  the  USSR  during  their  moulting 
season,  although  some  individuals  are  observ- 
ed, including  females  with  newborn  pups. 

The  migrations  of  this  species  have  been 
described  in  detail  in  other  publications. 

Status  and  Exploitation 

The  total  population  of  C.  cnsiaia  is 
approximately  500000-600000,  of  which 
80-90  T  arc  distributed  in  the  Jan  Mayen  area 
and  the  remainder  near  Newfoundland.  Up  to 
1955,  hooded  seals  were  exploited  only  by 
Norwegian  sealing  schooners  in  the  Jan 
Mayen  area:  from  1955  to  1966.  Soviet  sealing 
vessels  (8-10  ships)  entered  this  area  and  har- 
vested hooded  and  harp  seals;  during  this  pe- 
riod the  annual  Soviet  catch  of  hooded  seals 
was  somewhat  over  23000  animals,  mainly 
pups. 

Concurrent  researdi  investigations  were 
conducted  by  the  USSR,  primarily  directed  at 
general  problems  relating  to  morphology  and 
reproduction  biology,  includmg  distribution 
on  ice  duiing  the  breeding  season,  duration  of 
whelping  and  lactation  periods  and  age  otm- 
position.  The  results  of  this  research  have  been 


published  in  several  articles;  the  investigations 
were  terminated  with  the  end  of  exploitation 
in  1966. 

Indirect  information  on  die  status  of  the 
hooded  seal  in  the  Jan  Maven  area  from  ana- 
lysis of  general  biological  data,  catch  statistics 
and  age  oompoatioii  data  mdicate  a  decrease 
in  the  species'  abundance  in  recent  years  due 
to  intensive  Norwegian  sealinii.  Beginning  in 
1%1,  protection  and  management  measures 
were  begun  as  a  result  of  the  Agreement  bet- 
ween the  USSR  and  Norway:  the  taking  of 
adult  and  immature  animals  was  forbidden  at 
the  moulting  grounds  in  the  Denmark  Strait 
and  a  spring  harvest  season  was  established  in 
the  Jan  Mayen  area.  Soviet  researdiers  further 
believe  that  a  prohibition  on  taking  females 
during  the  breedmg  season  would  be  an  ef- 
fective conservation  measure.  At  present  the 
numbers  of  adult  female  hooded  seals  taken 
while  breeding  have  been  sharply  reduced. 

Trophic  Relationships 

Adult  hooded  seals  do  little,  if  any, 
feeding  during  the  breeding  season,  although 

on  rare  occasions  squid  {Gonatus  fabricii)  are 
found  in  their  stomachs.  Pups  feed  initially 
near  the  ice  edge,  mainly  on  crustaceans  and 
squid.  The  period  of  intensive  feeding  in  the 
hooded  seal  has  been  poorlv  studied,  although 
from  information  obtained  in  other  areas  of  its 
distribution  it  can  be  supposed  that  the  fa- 
voured food  in  the  Barents  Sea  are  bottom 
fishes  like  halibut  {Hippo^lossus  hippo^lossus), 
cod  {Gadus  morhua),  redfish  {Sebastes  mari- 
nus)  and  floimders  (Pleuronecti  formes). 


S«ib  off  tkm  North  Pacific  Oeen 


Ringed  seal 

Two  sub-species  of  Phoca  hispida  are 
found  in  the  North  Pacific  region:  P,  h,  ocho- 
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tensis  in  the  Sea  of  Okhotsk  and  P.  h.  krashe- 
ninn  in  the  Bering  Sea.  The  sub-species  are 
distinguished  by  morphological  differences  of 
the  body  and  cranium  and  by  their  pelage  col- 
oration; P.  h.  ochotensis  has  grey,  dark  grey  or 
almost  black  pelage  on  its  back,  while  P.  h. 
krasheninn  is  grey-brown,  sometimes  with  a 
light  greenish-yellow  tint;  both  animals  usu- 
ally have  a  light  grev  belly,  with  light  strips 
along  the  back  and  sides  forming  light  irregu- 
lar rings.  Pups  of  both  sub-species  have  a  fluffy 
white  birthcoat 

P  h.  f)ch(>tensi'.s\s  somewhat  smaller  than 
P.  h.  krasheninn:  the  zoological  length  of  the 
former  is  between  85  and  l4o  cm  and  its  body 
weight  is  from  14  to  55  kg;  P.  h.  krasheninn  is 
heavier  by  8-11  kg.  Newborns  of  P.  h.  ocho- 
tensis reach  a  length  of  60  cm  and  a  weight  of  4 
kg,  while  P.  h.  krasheninn  pups  are  62  cm  in 
length  and  weigh  about  S  kg. 

Distribution  and  MiffoUon 

P.  h.  krasheninn  is  mainly  found  on  fast 
shore  ice  in  the  gulfs  and  bays  of  the  Bering 
Sea.  With  the  disappearance  of  the  ice,  the 
seals  remain  sedentaiy  along  coastal  inlets  of 
Chulotsk  and  Kamchatka  Peninsulas  and  the 
Commander  Islands;  the  densest  concentra- 
tions of  P.  h.  krasheninn  are  found  in  Mechig- 
mensky  Gulf,  Senyavina  Strait,  St.  Lawrence 
Gulf  and  in  Rudder  Bay  and  Krest  Gulf.  Seals 
migrate  to  the  Commander  Islands  in  small 
numbers  m  sprmg  and  summer. 

P.  h.  ochotensis  inhabits  moving  sea  ice 
for  the  greatest  part  of  the  year,  avoiding  fust 
shore  ice.  During  the  reproduction  period 
(March-May),  dense  concentrations  are  main- 
ly found  near  the  western  and  northwestern 
coasts  of  the  Sea  of  Okhotsk,  and,  in  its  south- 
em  part,  near  the  Shantarske  Islands,  in 
Sakhalin  Gulf  and  on  the  drift  ice  near  the 
eastern  diore  of  Sakhalin  Island.  P.  h.  ochO' 
tensis  engages  in  both  passive  migrations  on 
ice  and  in  active  migrations  searching  for  ice 
flows  within  the  Sea  of  Okhotsk.  When  the  ice 
disappears,  the  species  scatters  widely  to  coast- 


a!  inlets,  spending  much  time  in  the  water. 
With  the  coming  of  autumn  and  the  reap- 
pearance of  ice  m  the  gulfs  and  bays,  seals 
concentrate  in  coastal  areas:  during  the  winter 
pupping  period,  most  animals  are  found  on 
sea  ice,  although  some  inhabit  the  shore  fast 
ice. 

Censm  and  Status 

Biostatistical  calculation  of  the  popula- 
tion size  of  P.  hispida  in  the  Sea  of  Okhotsk 
gives  an  estimate  of  800  000  animals,  equal  to 
the  estimated  level  in  1966. 

In  1968,  an  aerial  census  of  this  popula- 
tion was  conducted;  the  flvinu  altitude  and  the 
survey  track  width  were  both  100  m;  by  deter- 
mining the  area  of  sea  ice  and  the  number  of 
seals  per  1  km  of  sea  ice,  an  estimation  of  the 
total  number  of  seals  in  the  survey  area  was 
obtained;  census  results  show  a  total  number 
of  818  000  and  865  000  ringed  seals  in  the  Sea 
of  Okhotsk  in  1%8  and  1969,  respectively,  not 
including  animals  in  the  water.  Data  on  the 
ringed  seal  in  the  Sea  of  Okhotsk  indicated 
some  decrease  in  population  size  in  recent 
years. 

The  population  of  ringed  seals  in  the 
Bering  Sea  is  roughly  estimated  at  70  000  to 
80  000  animals. 

Reproductive  Capacity 

P.  h.  ochotensis  females  reach  sexual 

maturity  at  age  5-6;  at  age  5.  over  30  T  and  at  7 
and  over  nearly  100  %  of  females  give  birth. 
The  pregnancy  rate  begins  to  drop  at  about 
age  15. 

The  annua!  pregnancy  rate  is  80  T .  Most 
males  reach  sexual  maturity  at  age  6.  /'.  h. 
krasheninn  females  become  sexually  mature  at 
age  5-7;  25  %,  57  %  and  73  %  of  females  give 
birth  at  ages  6,  7  and  8,  respectively  Annually, 
no  more  than  27  %  of  adult,  mature  females 
are  not  pregnant.  Males  reach  sexual  maturity 
at  age  7-8.  371 
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Ntttwal  Mortality 

i  he  natural  mortalily  rate  by  age  of  the 
ringed  seal  is  given  in  Table  3. 

From  this  data,  the  average  natural 
mortality  rale  for  the  ringed  seal  is  shown  to  be 
10-11  %  per  year,  excluding  pups.  For  P.  h. 
krasheninn,  natural  mortality  in  the  first  year 
of  life  is  calculated  to  be  34  %.  dropping  tO  an 
average  of  9  %  for  all  other  age  groups. 

Exploitation 

From  the  end  of  the  ISOQs  to  the  mid 
1900s,  the  average  annual  take  of  ringed  seals 
in  the  Sea  of  Okhotsk  did  not  exceed 
25  000-30  000  animals;  such  a  harvest  level  did 
not  reduce  the  abundanoe  of  the  population. 
However,  the  average  annual  harvest  of 72  000 
seals  taken  from  1955  to  1%5  led  to  a  reduc- 
tion in  the  population.  From  1969,  an  annual 
limit  of 32  000  animals  was  unposed  on  sealing 
conducted  from  ships,  and  this  quota  was 
subsequently  reduced  to  25  000  and  18  000  in 
1972  and  1975,  respectively.  Catch  restrictions 
were  also  introduced  for  sealing  by  the  coastal 
people  with  a  quota  of  7  000  seals  in  1975. 

During  the  postwar  years,  the  annual 
catch  of  rmged  seals  m  the  Bering  Sea  by  the 
coastal  population  was  between  30000  and 


35  000  animals;  in  latter  YMis,  however,  the 
harvest  decreased  to  10000-12000  animals, 
mainly  because  there  were  fewer  hunters. 
Vessel  scaling  was  forbidden  in  the  Bering  Sea 
and,  since  1970,  the  annual  harvest  by  the 
coastal  people  has  been  restricted  to  low  wvels 
(2000-3000). 

TYopkic  RekaUmsh^ 

In  general,  P.  h.  ochotensis  feeds  mainly 
on  Euphausidae,  though  other  food  species 
seasonally  assume  major  importance  in  some 
areas  of  its  distribution:  during  breeding 
(March-April),  the  species  feeds  mainly  on 
Euphausidae  and  to  a  lesser  extent  on  Am- 
phipoda  and  Decapoda;  in  May  and  June, 
when  feeding  is  less  intense,  these  latter  2  items 
make  up  the  mam  part  of  the  diet;  and  fol- 
lowing June  until  the  end  of  autumn,  fish, 
indumng  sand  eel  (Anuiwi^es  petraonatm). 
herring  (Clupea  haringus).  capelin,  navaga  and 
smelt  {Osmerus  eperlanus)  assume  primary 
importance. 

in  May  and  June,  P.  h.  krasheninn  feeds 

mainly  on  polar  cod  and  sometimes  on  crus- 
taceans. Because  of  the  ringed  seal's  ability  to 
shift  seasonally  between  a  number  of  varied 
food  species,  the  availability  (or  lack)  of  spe- 
cific food  items  should  not  be  considered  as 
the  main  factor  limiting  its  abundance. 


Table  3.  NatunlMortalllymtcsorj'.iUpHfaby  ate 


Agp  %  Mortality 


1  year  oM 

35 
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15 
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11-13 

6-7 

10 

M 

S 

10-11 

10 

12-13 

14 

14  and  older 

30-35 

Need  for  Seal  Products  and  RegukUion  of 
Exploitation 

The  primary  objective  of  regulation 
measures  is  the  restoration  of  the  ringed  seal 
stodcs,  especially  in  the  Sea  of  Okhotsk.  Dc- 
mand  for  the  products  of  sealing  is  unlimited, 
especially  that  for  fur.  The  limits  for  ring  seal 
catch  are  determined  annually  for  vessel  seal- 
ing, depending  on  the  ring  seal  stocks.  The 
sealing  limits  for  local  populations  conducting 
their  sealing  operations  near  the  shore  are 
established  annually  as  wdl 
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Ribbon  seal 

Adult  ribbon  seals  reach  maximum  and 
mean  zoological  length  of  190  and  165  cm, 

respectivelv.  and  weigh  70-80  kg,  and  up  to  100 
kg  when  in  best  condition.  Newborns  may  be 
80-90  cm  in  length  and  weigh  about  9  kg. 

The  oolontion  of  the  ribbon  seal  is  di> 
stinctivc:  the  background  of  the  adult  male  is 
brown  to  intensive  black,  that  of  the  female 
generally  somewhat  lighter.  Four  white, 
sometimes  yellow-tinted,  ribbon-like  strips, 
10-12  cm  in  width  arc  found,  one  covering  the 
neck  and  occiput,  another  girding  the  body  in 
the  sacral  area,  and  2  covering  the  dorsal  sur- 
face of  the  flippers  and  extending  from  the 
shoulder  to  the  middle  area  of  the  trunk.  Im- 
mature seals  are  dark  pale  yellow  and  lack  the 
4  strips.  Newborn  pups  are  in  the  fluffy,  white 
embryonic  pelage,  which  is  replaced  by  a  coat 
of  dark  grey  on  the  back  and  lighter  gr^  on 
the  belly  after  the  first  moult« 

Distribution  and  Movements 

Ribbon  seals  are  distributed  in  the  Ber- 
ing Sea  and  Sea  of  Oichotsk,  and  these  popu- 
lations may  Fq>re8«it 2 separate  local  forms  of 
the  species;  the  species  is  alsti  found  in  the 
southern  Chukotsk  Sea  and  northern  Sea  of 
Japan.  H.  fasciata  always  haul  out  on  firm 
pa^  ice  far  from  shoie  where  cracia  and  leads 
are  available;  the  primary  hauling  grounds  in 
the  Bering  Sea  are  the  Anadyr  Gulf  and  adja- 
cent souAeastem  St.  Lawrmoe  Gulf,  the  areas 
of  ice  massifs  near  St.  Matthew  Island  and  the 
Bering  Strait.  In  the  Sea  of  Okhotsk,  the  den- 
sest concentrations  of  seals  are  found  in  the  ice 
area  northeast  of  Sakhalin  Island  and  north- 
west of  the  Babushkin  Gulf 

The  distribution  of  H.  fasciata  when  not 
loimd  on  ice,  and  its  migrations,  especially 
dttrin|  summer  and  autumn,  have  reodved 
veiy  httle  study.  Passive  migrations  on  ice  in 
the  Sea  of  Okhotsk  during  the  breeding  season 
(April)  and  movements  to  ice  areas  preceding 
the  moulting  period  have  been  observed. 


Cwsus  and  Status 

The  same  aerial  census  method  was  used 
as  for  ringed  seals.  In  the  Bering  Sea,  the  po- 
pulation was  estimated  at  80000-90000  ani- 
mals in  1964,  decreasing  to  60  000  in  1969. 
More  precise  data  was  available  for  the  Sea  of 
Okhotsk,  showing  a  total  population  of 
133  000  animals  in  May  1969. 

Reproductive  Capacity 

Most  females  first  mate  at  age  4-5,  with  a 
very  small  number  mating  at  age  3.  Males 
reach  sexual  maturity  1-2  years  later  than  fe- 
males and  first  mate  at  age  5-6.  Up  to  IS  %  of 
mature  females  are  not  pregnant  each  year. 
The  annual  reproductive  rate  is  26  %.  Females 
do  not  live  beyond  the  age  of  26. 

Natural  Mortality 

Natural  mortality  during  the  first  year  of 
life  has  been  calculated  to  be  44  %;  the  annual 

mortality  for  adults  is  II. 2  T  before  age  16-18. 
Predators  include  the  killer  whale,  Greenland 
shark,  polar  bear  and  large  marine  birds. 


Exploitation 

During  the  past  18  to  20  years,  ribbon 
sealing  has  been  carried  out  primarily  by  seal- 
ing vessels  in  the  Sea  of  Okhotsk  and  Bering 
Sea;  from  1957  to  1961  the  annual  harvest 
ranged  between  11000  and  18  000  animals, 
and  fhnn  1961  an  additional  8  000-9  000  ani- 
mals were  tatol  in  the  Bering  Sea.  From  1961 
to  1968  the  annual  harvest  increased  to  bet- 
ween 16  000  and  23  000  animals,  and  decrea- 
ses in  the  seal  stocks  resulted.  Sealing  firom 
vessels  was  thereafter  restri^ed  in  order  to  re- 
store stocks  in  both  seas,  and  present  annual 
uotas  are  3  500  in  the  Sea  of  Okhotsk  and 
000  in  the  Bering  Sea.  373 
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Trophic  Relationships 

The  feeding  of  //.  Jasciaia  has  received 
most  study  during  fhe  species*  breeding  and 

moulting  seasons  in  the  spring:  during  this 
time,  crustaceans  and.  to  a  lesser  extent,  fish 
and  cephalopods,  form  the  seal's  main  diet. 
The  oomposition  of  food  species  is  more  di- 
verse in  the  Bering  Sea  than  in  the  Sea  of 
Okhotsk:  in  the  former  area,  more  than  14 
species  of  crustaceans  have  been  found  in  the 
stomach  contents,  primarily  Pandabis  grniUf- 
nus,  Themisto  spp..  Pandalopsis  spp  ,  F.nalus 
gaimardi  and  Amphipodae,  and  more  than  10 
fish  species,  primarily  polar  cod  {Boreogadus 
saida),  lump  fish  (Lumpenus  nu^us),  navaga 
{Elc^enus  navar^a).  capclin  {Mallotus  viUosus). 
and  feed  mainly  on  pollock  (Thvra^ra  thai- 
cogramnia)  and,  lo  a  lesser  extent,  on  cod 
{Gadus  m.  macrocepfudus)  and  crustaceans 
{Pandahis  boreal  is). 

Young  seals  feed  mainly  on  crustaceans. 
In  searching  for  food,  H.fasciata  can  dive  to  a 
depth  of  200  m.  It  is  thought  that  the  availa- 
bility of  food  as  well  as  favourable  ice  condi- 
tions determme  the  distribution  of  the  species. 

Need  for  Seal  Products 

Although  a  ready  maricet  exists  for  rib- 
bon seal  products  especially  pelts,  further  ex- 
ploitation is  limited  by  the  reduced  condition 
of  the  stocks. 


Distribution  and  Movements 

The  largest  concentrations  of  £.  barbatus 
in  the  Bering  Sea  are  found  on  inshore  ice 

massifs  on  St.  Lawrence.  St.  Matthew  and  Hall 
Islands:  in  the  Sea  of  Okhotsk,  large  concen- 
trations are  found  in  the  north  and  southwest 
and  in  Terpenye  Gulf  (Sakhalin  Island).  The 
species  is  sedentary ,  usuallv  inhabiting  shallow 
areas  where  the  ncarhottom  organisms  on 
which  they  feed  are  found. 


Census 

In  1969,  a  census  of  the  bearded  seals 
in  the  Sea  of  Okhotsk  was  conducted,  using 
aerial  surveys,  indicating  a  total  population  as 
high  as  180  000-200  000  animals,  with 
40  000-50  (KK)  in  the  "southern"  population 
(Sakhahn  Island  area)  and  140  000-150  000  in 
the  "uOTthem**  population.  Aerial  surveys 
were  not  used  to  count  the  Bering  Sea  popu- 
lation: the  total  number  here  is  estimated  to  be 
approximately  250  000  animals. 


Reproductive  Capacity 

Most  females  begin  reproducing  between 
4  and  6  years  of  age;  males  become  scaoially 
mature  between  5  and  6  The  annual  repro- 
ductive rate  is  estimated  to  be  19  %. 


Bearded  seal 

Adult  bearded  seals  reach  mean  and 
maximum  zoological  lengths  of  215  cm  and 
perhaps  260  cm,  respedivety;  the  maximum 

weight  of  adult  seals  carryinc  maximum  blub- 
ber is  more  than  300  kg.  N  e  w  bo  rn  s  a  re  118-137 
cm  in  length  and  weigh  27-35  kg;  pups  are  ash 
grey,  sometimes  with  a  brown  tint.  Adult  seals 
vary  from  light  ash  to  daik  grey,  the  belly 
lighter  than  the  back. 


Natural  Mortality 

The  natural  mortality  rate  during  the 

first  year  of  life  has  been  calculated  to  be  22  % : 
mortality  rates  in  older  animals  arc  difficult  to 
determine  because  of  the  worn  condition  of 
the  teeth.  It  is  supposed  that  the  killer  whale. 
Greenland  shark  and  polar  bear  are  predators, 
the  latter  attacking  seals  at  their  onshore 
rookeries. 
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Exploitation 

Bearded  seals  have  long  been  taken  by 
the  coastal  peoples  of  the  Bering  Sea  and  Sea 
of  Okhotsk;  sealing  vessels  have  also  exploited 
the  species,  first  in  the  Sea  or  Okhotsk  and 
later  also  in  the  Bering  Sea.  In  the  former  sea, 

'  annual  vessel  catches  from  1947  to  1956  and 
Avid  1957  to  1964  ranged  between  2  00(V6  000 
and  9  000-13  000  animals,  respectively.  Vessel 
sealing  in  the  Bering  Sea  began  in  1961 ;  from 
1S^4  to  1967  the  annual  harvest  in  both  seas 
was  8  000-10  000  animals.  The  numb«of  seals 
taken  by  the  coastal  population  is  generally 

I  unknown  for  these  years. 

A  reduction  in  the  bearded  seal  popula- 
tions due  to  overexploitation  led  to  the  termi- 
nation of  vessel  sealine  in  1970  in  both  the 
Bering  Sea  and  the  Sc:!  nf  OkhcHsk.  and  the 
imposition  of  quotas  (5  UOU  in  the  Sea  of  Ok- 
hotsk and  3  000  in  the  Bering  Sea)  on  the  har- 
vest the  coastal  population.  Recently,  the 
number  of  bearded  seals  has  been  increasing 
imder  this  protection. 

Trophic  Relationships 

Bearded  seals  feed  on  species  found  in 
less  than  200  m  of  water.  In  the  summer  and 
autumn,  crabs  (Majdac),  shrimp  (Gragoni- 
dae),  molluscs  (Gastropoda)  and  worms 
(Echiurida  and  Polychaela)  are  the  primary 
foods.  The  seals  also  eat  sand  eels  (Ammotfytes 
hexaptents)  and  daubed  shanny  (Leptociinus 
maculaius);  of  1 1  species  of  crustaceans  con- 
sumed, Chinoeceles  opilio  and  Grandon  dalli 
are  most  important;  Pofynices  is  the  mam 
mollusc  eaten. 


Need  for  Seal  Products 

Future  demand  for  bearded  seal  pro- 
ducts (skins,  oil  and  meat)  will  be  determined 
only  by  the  needs  of  the  coastal  people  of  the 
Sea  of  Okhotsk  and  the  Bering  Sea. 


Largha  seal 

The  maximum  and  mean  lengths  and 
weights  of  adult  largha  seab  is  214  cm  and 

167-169  cm,  and  150  kg  and  90-114  kg,  re- 
spectively Newborns  aged  1  to  5  days  are  from 
76  to  90  cm  m  length  and  weigh  7  to  10  kg. 

The  main  background  coloration  of  the 
largha  seal  varies  from  silver  grey  to  dark  grey, 
with  the  belly  usually  lighter  than  the  back; 
black  and  brown  spots  of  different  sizes  are 
scattered  <m  the  entire  body.  The  embiyonic 
pelage  of  newborn  pups  may  be  pure  wmte  to 
smoky  grey. 

Distribution  and  Migration 

t.  largha  is  foimd  throughout  the  Sea  of 
Okhotsk  and  the  Bering  Sea«  Seals  haul  out  on 
drift  ice  for  breeding  and  moulting,  mainly  in 
the  eastern  Bering  Sea  and  northern  Sea  of 
Olchotsk.  The  species  performs  passive  migra- 
tions (on  ice)  diiring  tne  breeding  season  and 
searches  for  firm  ice  flows  before  moulting. 
With  the  disappearance  of  the  ice.  seals  move 
near  coastal  areas,  and  in  autumn  Ibrm  rook- 
eries on  shore,  which  sometimes  number 
2000  to  3  000  animals.  The  seals  move  out  to 
sea  again  with  the  first  appearance  of  ice. 

C&mis 

In  1969,  a  census  of  the  largha  seals  in 
the  Sea  of  Okhotsk  was  conducted  using  aerial 
surveys,  indicating  a  population  of  13  cioo.  It  is 
supposed  that  there  are  13S  000  largha  seals  in 
the  Bering  Sea. 

RepruJuciive  Capacity 

Most  females  and  males  b^in  to  take  an 
active  part  in  reproduction  between  4  and  5 

years  of  age  and  5  and  6.  respectively.  During 
the  reproduction  period,  families  of  1  adult 
male,  female  and  pup  are  formed.  The  annual  375 
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reproduction  rate  is  20  %.  Largha  seals  have  a 
life  expectancy  of  35  years. 

Natural  Muriality 

Data  indicates  that  the  natural  mortality 
rate  for  seals  in  their  first  year  is  45  %  and 
about  8  %  thereafter  until  the  critical  age 
(17-20).  The  main  predator  of  this  species  is 
the  brown  bear;  wolves  and  Arctic  foxes  are 
lesser  predators.  It  is  supposed  that  the  natural 
mortuity  rate  at  land  rookerks  may  be  10  %. 

Durinii  the  last  18  lo  20  years,  the  com- 
bined annual  catch  of  seals  by  vessels  and  by 
the  coastal  people  in  the  Bering  Sea  and  Sea 
Okhotsk  has  not  exceeded  10  000-15  000  ani- 
mals. Although  this  level  of  exploitation  did 
not  affect  the  seal  stock,  catch  limits  allowing  a 
harvest  equal  to  5  %  of  the  total  seal  popula- 
tion were  introduced  in  1970,  i.e..  for  vessel 
sealing,  limits  of  5  000  and  6  000  seals  in  the 
Sea  of  Okhotsk  and  Bering  Sea,  respectively; 
for  exploitation  by  the  coastal  peoples,  catdi 
limits  of 2  000  animals  in  each  sea. 

Trophic  Rekuionships 

P.  largha  feeds  primarily  on  fish,  cepha- 
lopods  and  crustaceans  during  the  reproduc- 
tion and  moulting  periods,  with  the  most 
intensive  feeding  taking  place  in  the  morning 
and  at  night:  bottom  species  and  pelagic  fish 
species  predominate  in  the  seals  leeding  dur- 
ing breeding  and  moulting,  respectively.  In  the 
Bering  Sea.  food  species  consumed  varv  ac- 
cording to  age:  weaned  pups  eat  mainly  small 
Amphipodae,  algae,  shrimp  and  shoaling  fish 
(sand  eel);  feeding  on  larger  fish  begins  at  2  to 
2.5  months  of  age.  Immature  animals  (age  1-4 
years)  feed  mainly  on  pelagic  fish  species 
(ilounders,  pollock  {Theragra  chalco^ramma), 
cod  {Gadus  m.  macrocqthabis),  hahbut  and 


gobies  (Gobiidae)).  Ociopoda  and  crusta- 
ceans. In  autumn,  seals  feed  primarily  on  Sal- 
monidae,  induding  pink  salmon,  dium  (On- 
wrhynchus  keta)  and  ooho  salmon  {Oncof' 
kynchus  keta  kisutch). 

Need  for  Seal  Products 

There  is  an  unlimited  market  for  the  fur 
of  this  species;  it  is  recommended,  however, 
that  stoocs  be  hdd  at  the  maximum  sustain- 
able level 


Seals  of  Uand  Walcn 


Caspian  seal 

The  length  and  weight  of  adult  animals 
are  130-140  cm  and  50-60  kg,  respectively,  and 
the  latter  may  reach  90  kg.  Newborns  measure 
65-79  cm  in  fength  and  have  a  mean  weight  of 
5  kg. 

Coloration  varies  with  age  and  sex;  the 
back  of  adult  seals  is  ash  grey,  changing  to 
light  grey  on  the  sides  and  belly.  Small  black 
spots  cover  the  bodv  of  males;  in  females, 
these  spots  are  lighter  in  colour,  fewer  in 
number  and  found  primarily  oa  the  bade  The 
snout  and  head  is  of  a  reddish  tint  on  some 
animals.  The  embr\'onic  pelage  of  newborns  is 
greenish  yellow,  moulimg  to  silver  grey,  with  a 
darker  bade  and  lighter  bdly  and  sometimes 
including  small  spots.  Before  autumn,  the  col- 
oration again  changes  to  oUve  yellow. 

Distribution  and  Movements 

Pusa  caspica  is  distributed  throughout 
the  Caspian  Sea.  From  September  to  midwin- 
ter, w  ith  the  formation  of  shore  ice,  most  ani- 
mals migrate  from  the  smithcrn  sections  of  the 
sea  lo  the  areas  ot  pack  ice  and  leads  in  the 
northern  section,  in  preparation  for  the 
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breeding  season.  This  latter  occurs  from  the 
end  of  January  to  the  beginning  of  February. 
Young  animals  in  poor  condition,  and  sick 
adults  do  not  leave  the  southern  areas.  Fol- 
lowing reproduction  and  moulting,  the  major- 
ity of  seals  migrate  back  to  the  southern  and 
middle  areas  of  the  sea;  however,  if  the  ani- 
mals have  not  completed  their  moulting  before 
the  disappearance  of  the  ice  in  May,  they  move 
to  the  northern  islands  where  moulting  is 
completed  m  laic  May  or  early  June;  some 
animals,  mainly  young,  do  not  leave  the 
northern  area  in  the  summer.  Seals  form 
rookeries  for  the  entire  summer  in  the  groups 
of  small  islands. 

Census  and  Status 

Attempts  to  estimate  numbers  of  repro- 
ductive females  and  total  seal  numbers  were 
made,  based  on  a  considerable  yield  of  pups  in 
the  1965-66  season.  The  ficurc  was  estimated 
to  be  as  high  as  approximately  520  (X)0  seals.  A 
counting  method  wa.s  u.scd  to  estimate  abso- 
lute numbers  of  seals  in  the  water,  during 
the  summer  in  different  areas  of  sea,  and  the 
data  were  then  extrapolated  to  the  whole  area. 

Aenal  photographic  surveys  of  females 
w  ere  made  for  the  nist  lime  in  1973  during  the 
breeding  season.  Treatment  of  the  data  gave 
an  estimate  of  reproductive  females  as  high  as 
90  000. 

In  recent  years,  the  age  composition  of 

reproductive  females  -  a  factor  determining 
the  reproductive  capacity  of  the  population  - 
has  been  established.  Data  are  given  in 
Table  4. 

The  increase  in  both  the  mean  and  max- 
im um  ages  of  reproducing  females  is  perhaps 
a  result  of  the  managemenl  measures  intro- 
duced dtuing  this  penod  (see  under  Commer- 
cial Exploitation  bdow). 

Trophic  Relationships 

The  Caspian  seal  feeds  primarily  on 
southern  sprat  (kilka)  (Chipeonetta  delicatula). 


TlMe  4b    Vhv  mean  and  mavinuiin  ages  (in  yCHS)  of  icpio- 

duclnt;  females  fur  Pusa  caspiea 


Dale 

Mean  age 

Age  limit 

1965 

I1.S 

30.0 

1972 

12.S 

32.0 

1973 

13.6 

33.0 

1974 

13.7 

34.0 

which  concentrates  at  depths  of  10-40  m  in  the 
summer  and  autumn;  crustaceans  form  t)nly 
1.0  %  of  their  diet.  Some  data  indicate  that  the 
mean  and  maximum  weights  of  food  found  in 
the  stomach  at  one  time  is  2.4  and  0.8  kg, 
respectively.  As  the  Caspian  seal  is  the  only 
marine  mammal  now  inhabiting  the  Caspian 
Sea,  its  food  species  are  not  affected  by  other 
mammalian  predators.  The  composition  of  its 
diet  depends  on  its  distribution  within  the  sea, 
e.g.,  in  the  Volga  River  delta  seals  prey  on 
valuable  fish  species,  principally  small  Casjnan 
roach  (vobla)  {Rutilus  rutilus  caspit  us),  gobies, 
youne  sander  (l.uciopcna  luciopcrca)^  bream 
(Abraniis  brama)  and  silver  bream. 

During  the  breeding  and  moulting  sea- 
sons, the  species  feeds  only  (xcasionally  and 
loses  a  considerable  amount  i>r  its  blubber; 
storage  of  blubber  begins  again  alter  the  end 
of  moulting  when  feeding  becomes  more 
intense;  from  mid-summer  through  autumn 
feedinc  and  weiiiht  "ain  arc  at  their  highest 
rates.  At  this  time  only  single  animals  or  small 
groups  are  found,  except  in  areas  of  greatest 
fish  concentration,  where  up  to  sevenu  dozen 
animals  may  occur  together. 

Reproductive  Capacity 

Females  and  males  become  sexually 
mature  at  4  to  S  and  6  to  7  years  of  age,  re- 
spectively, although  most  females  do  not  have 
their  first  pup  until  age  7.  The  majority  of 
reproductive  females  (73.8  %  in  the  1974  sam- 
ple) are  aged  between  8  and  17;  females  ages  377 
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26  to  34  were  also  recorded  as  givinii  hirth. 
Available  data  indicate  2  dilTerenl  val- 
ues for  the  percentage  of  annual  missed 
piegnandes,  i.e^  25  and  40  to  60  %. 

Natural  Mortaiity 

The  causes  of  natural  mortality  in  pups 
have  been  thoroughly  studied:  (i)  5  to  15  %  - 
exhaustion  during  the  first  days  of  nursing;  (ii) 
over  3  to  4  %  -  crushing  by  moving  ice;  (iii)  up 
to  2  stillborn,  and  fiv)  0.6  to  0.8  -  freez- 
ing. Aborted  premature  births  have  al.so  been 
recorded.  Additionally,  newborns  are  some- 
times killed  by  large  birds  (eagles)  and  in  recent 
vears  data  has  been  obtained  on  mass  killings 
of  pups  and  females  by  wolf  packs  preymg  on 
the  ice  hauling  grounds  near  islands.  A  pos- 
sible epizootic  duease,  caused  by  the  pathogene 
Dtifhcocus  phocidiilac  caspii  Badam.schini, 
which  affects  the  inner  organs,  mu.sclcs,  skin 
and  joints,  has  also  been  identified;  the  causes 
of  other  diseases  in  some  seals  have  not  been 
identified.  The  natural  mortalitv  rates  for  this 
species  are  not  yet  precisely  known. 

Commercial  ExploitaUon 

Average  annual  catches  for  this  species 
from  1925  to  1955  are  given  in  Table  5. 

From  1956  Xo  1960.  the  maximum  an- 
nual catch  was  76  600  ammals;  in  1962,  catch 
was  108  300  animals;  and  from  1963  to  1970, 
the  catch  ranged  between  60  000  and  70  000. 


Years 

Average  catcfa 

1925-32 

72000 

1933-40 

169000 

1941-45 

75  000 

1946-M) 

65  000 

19S1-55 

45000 

As  the  number  of  seals  decreased,  regulations 
were  introduced.  Smce  1966,  it  has  been  illegal 
to  take  adult  seals  during  the  breeding  season 
and  since  1967,  to  take  immature  animals  and 
pregnant  females  at  the  autumn  rookeries.  The 
harvest  of  pups  has  also  been  limited  with  a 
auola  of  500D0.  ObservatifHis  now  indicate 
tnat  the  population  is  being  restored. 


Baikal  seal 

Adults  are  120-140  cm  long  and  weigh 
80-90  kg  when  in  full  blubber.  Newborns  are 
70  cm  long  and  weigh  over  3  kg. 

Baikal  seals  are  brownish  grey  with  an 
olive  silver  tint,  changing  to  light  grev  on  the 
sides  and  belly.  Newborns  are  in  the  embry- 
onic white  coat  and  gain  adult  coloration  after 
their  first  moult.  Additional  distinguishing 
characteristics  of  Push  sih'irica  include  thick, 
high  claws  with  lateral  ridge  at  the  upper 
edge  and  a  wrinkled  snout. 

Distribution  and  Movements 

The  species  is  distributed  tfiroughout  all 
of  Lake  Baikal,  with  the  greatest  numbers 
found  in  the  deep  water  areas  of  the  north  and 
the  fewest  found  in  the  southern  section.  P. 
sUnrica  undertakes  spring  and  autumn  migra- 
tions: in  the  spring,  the  majority  of  the  .seals 
move  t  rom  the  middle  part  of  Lake  Baikal  to  its 
northern  section  where  the  ice  remains  longer; 
moulting  seals  may  remain  on  the  ice  in  this 
area  until  dispersing  for  the  summer,  when 
both  groups  and  mdividuals  are  found  scatter- 
ed thiDU^ut  all  parts  of  the  lake,  with  the 
largest  concentrations  in  the  north.  Seals 
.sometimes  approach  the  shore,  forming  small 
rookeries.  In  autumn,  w  ith  the  first  stages  of  the 
ice  foimation,  the  majority  of  seals  move  to 
shallow,  easily-frozen  areas  in  the  pfe^lelta 

Carts  of  rivers  where  ro<^kcries,  sometimes 
tige,  are  formed  on  thin  ice. 

With  the  appearance  of  the  drift  ice, 
adult  animals  move  to  their  tveeding  areas: 
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about  52  1  of  the  females  give  birth  in  the 
norihern  pari  of  Lake  Baikal,  31  %  in  the  mid- 
dle section  and  17  %  in  the  south.  After  partu- 
rition, the  main  proup  of  females  and  pups  are 
found  onthe  ice  in  an  8-13  km  wide  strip  in  the 
deepwater  part  of  the  lake;  a  small  number  of 
animals  are  found  on  both  the  6-8  km  strip 
extending  along  the  eastern  shore  of  the  lake 
and  along  the  12-15  km  strip  along  its  western 
shore. 

Census 

In  1953  and  1960-61,  censuses  of  seals 
remaining  on  ice  using  aerial  photography 
were  conducted;  unfortunately,  the  method 
did  not  prove  to  be  objective  because  of 
interference  caused  by  aeroplane  noise  and 
other  factors.  The  approximate  numbers  cal- 
pulated  from  the  1953  and  1960-61  censuses 
were  20  000-25  000  and  30  000-40  000  animals, 
respectively. 

Subsequently,  the  "snow  holes"  of  fe- 
male seals  were  counted,  using  motorcycles, 
in  different  areas  of  Lake  Baikal;  the  number 
of  "snow  holes"  counted  was  extrapolated  to 
estimate  tiic  number  of  females  and  pups. 

The  present  population  is  estmiated  to 
include  50000-60  000  animals. 

Reproductive  Capacity 

Females  reach  sexual  maturity  between  2 
and  5,  but  do  not  immediately  take  part  in 
reproduction:  some  females  aged  4-6  give  birth 
to  pups  and  all  do  so  at  age  7.  Almost  12  %  of 
females  age  7  and  older  are  not  pregnant  each 
year.  Males  reach  sexual  maturity  2  years  after 
females. 

Females  usually  give  birth  to  1  pup,  oc- 
casionally to  twins.  Pupping  lasts  30-40  days, 
with  the  majority  of  females  giving  birth  dur- 
ing a  10-15  day  period  with  the  peak  in 
mid-March.  Because  pups  are  bom  in  '*snow 
holes",  the  mortality  rate  of  mips  is  not  high 
during  the  lactation  period,  wnidi  usually  lasts 


for  2-2.5  months.  Matins  takes  place  under  the 
ice  late  in  March  until  mid-April.  It  is  thought 
that  the  qiedes  is  pofygamous. 

Exploitation 

The  harvest  of  P.  sihirica  has  historically 
been  determined  by  the  needs  of  the  local 
people  for  skin,  fur,  oil  and  meat.  In  the  early 
twenties,  the  annual  harvest  was  3  500-4000 
animals;  subsequent  annual  catches  have  aver- 
aged 5  600  from  1931  to  1935,  1  500  from 
1940  to  1950  and  800  from  1950  to  1960.  The 
decrease  in  the  number  of  seals  taken  was  due 
both  to  a  decrease  in  their  abundance  and  a 
drop  in  the  number  of  local  sealers. 

Beginning  in  1966,  management  regula- 
tions were  introduced  in  order  to  conserve  the 
seal  population;  the  killing  of  pups  and  of  seals 
in  the  water  was  forbidden.  In  recent  years,  the 
seal  population  has  been  observed  to  be 
increasing;  present  regulations  restrict  the  an- 
nual harvest  to  not  more  than  2  lXX)-3  000 
pups. 

Tropittc  Relationships 

P.  sihirica  feeds  primarily  on  fish,  which 
are  also  taken  in  vers'  small  amounts  for  human 
consumption.  Its  main  food  species  are  sum- 
marized in  Table  6. 

The  greatest  variety  of  species  are  con- 
sumed during  the  summer  and  autumn  when 

Table  6.    Main  food  ilem<»  of  haa  sibirica 


Species  Number  We^^hi 


Gdomaoka  (Com^horis  bakalensls) 

90.7 

72,2 

Scalpin  (Conui  spp.) 

92 

2S.8 

Commercial  species  (Bailcal  omul 
(Congoma  minimmUls  mtgrato- 
Hu^  and  others) 

I.I 

2.0 
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feeding  and  growth  are  most  intensive;  during 
the  moulting  period,  seals  continue  to  feed  but 
not  so  imensiv^.  Feeding  diffeiences,  mainly 
in  the  volume  (X  food  oonmnied  latlier  than  in 
species  composition,  are  apparent  for  animab 
of  dilferent  age  groups. 

Of  the  rood  spedes  availabte  to  the  Bai- 
kal seal,  adult  fish  provide  the  best  nutritional 
energy.  Yearlv  variations  in  seal  feeding  are 
determined  by  annual  fluctuations  in  the  stock 
condition  of  pelade  fish  spedes,  such  as  gcdo- 
manka  and  sculpm;  these  variations  are  appa- 


rent in  the  age.  size  and  weight  structure  of  the 
fish,  rather  than  in  the  species  composition. 

Need  for  Seal  Products 

Although  there  is  no  economic  limit  to 
the  production  of  seal  products,  especially 
fur,  exploitation  will  be  determined  by  the 
abundance  of  seals  and  the  need  to  restore 
the  population  to  its  earlier  numbers. 
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The  Cape  fur  seal,  An  tiH  cphalusjmsilluspusitlus.  is  the  only  resident  breeding  pinniped 
found  in  Namibian  and  South  African  waleis,  being  distributed  in  23  breeding  colonies  from 
Cape  Cross  to  Black  Rocks  in  Algoa  Bav,  most  colonies  being  found  north  of  the  Cape  of 
Good  Hope  and  on  islands;  5  non-brccding  colonies  have  also  been  rcuirdcd.  Animals  scatter 
fieely  about  inshore  waleis;  however,  no  definite  migratoiy  movements  are  known  and 
colonies  are  believed  to  be  fairly  discrete  Distinguishing  cranial  and  dental  (.haractcristics. 
and  a  comparison  of  serum  protein  transferrin  in  the  2  ^4.  pusillus  sub-specics,  arc  sum- 
marized. Adult  males  attain  a  length  or234cm  and  an  estimated  weight  (before  breeding  season) 
of  363  kg;  the  maximum  reported  length  and  weight  of  adult  females  are  176  cm  and  122  kg. 
respectively.  The  pregnancy  rate  has  been  estimated  to  be  74  %;  newborns  are  60-70  cm  long, 
most  being  bom  in  November  and  December.  No  estimates  of  natural  mortality  rates  are 
available.  Possible  cau-ses  of  mortalit)  are  discussed. 

Cape  fur  seals  once  inhabited  most  and  perhaps  all  of  the  coastal  islands  of  Namibia  and 
South  Alrica.  but  by  the  cariy  1900s  their  numbcr^  had  been  severely  reduced  by  uncontrolled 
exploitation.  The  species  first  received  legal  protection  in  the  early  1890s.  and  since  the  1940s 
an  increase  in  population  size,  including  the  formation  of  additional  colonies,  has  been 
observed.  Annual  pup  production  belurc  exploitation  has  been  estimated  at  290  700  and 
estimated  production  in  1940  and  1971  has  been  calculated  as  approximately  48  %  (139  522) 
and  73  (211  300-2 1 3  250)  of  this  initial  si/c.  respectively:  the  latlor  figure  indicates  a  total 
present  population  of 850  000  animals  and  this  is  thought  to  be  about  the  optimum  sustainable 
level. 

Since  1947,  the  commercial  harvest  has  graduallv  changed  from  almost  entirelv  a 
Government  operation  to  a  private,  but  still  Government  controlled,  concession  system 
managed  under  the  Sea  Birds  and  Seals  Protection  Act,  1973,  and  the  Sealing  Regulations  of 
1976.  In  1977.  14  colonies  were  under  concession,  with  harvest  quotas  established  for  8  of 
them,  mostly  .set  at  40  %  .sealing  rate.  The  9  unharvested  breeding  colonies  contain  about  21  % 
of  the  annual  pup  production:  sealing  at  non-breeding  colonies  is  prohibited.  Exploitation  has 
traditionally  included  2  harvests:  a  winter  harvest  (June-October)  of  yearlings,  averaging 
72  586  animals  for  1972-76  or  34.4  f  of  the  number  of  pups  bom,  and  an  early  summer 
harvest  (mainlv  November  and  December)  of  adult  bulls,  which  ceased  after  1975  when  786 
bulls  were  taken  at  4  colonies.  The  commercial  value  of  the  combined  1972  harvests  has  been 
estimated  at  Rand  982  038  Yearling  seals  are  taken  primarilv  for  their  pelts:  bulls  vield  a  less 
valuable  skm  that  was  used  for  leather  or  to  produce  a  much  inferior  pelt.  About  2 10  000  litres 
of  oil  finom  Mubber  was  prodooed  annually  fkom  1974 to  1976.  Although  the  skinned  caitatses 
are  now  mostiv  discarded,  thcv  represent  a  potentially  valuable  source  of  protein  and  meal. 
The  passage  of  the  US  Manne  Mammal  Protection  Act  (MMPA)  in  1972  threatened,  and  at 
least  temporarily  halted  the  established  export  of  most  of  the  yeariing  skins  to  the  Unhed  383 


Copyrighted  material 


PJ>.  SHAUOHNESSY 


States,  through  the  imposition  of  import  restrictions  on  seal  products  dependent,  amongst 
other  things,  on  minimum  age  at  harvest  and  humaneness  of  kill.  Steps  have  been  taken  to 

improve  harvest  standards,  both  Ui  satisfy  the  MM  PA  and  in  response  to  increased  interest  of 
the  South  Africa  public;  meanwhile,  there  is  a  ready  market  for  Cape  fur  seal  pelts  in  Europe. 

Some  ecological  idationdiips  of  this  species  are  reviewed:  pelagic  shoaling  fish  and 
cephnldpiids  arc  reported  as  the  fur  seal's  most  important  food  though  this  has  received  little 
study  ui  Namibian  waters.  Competition  for  commercial  fish  stoclts  is  not  considered  signifi- 
cant. Of  more  importance  is  dvect  interference  with  purse-sebie  fisheries  for  pilchard.  SanH- 
nops  iKcllala,  and  anchovy,  F.n^raulis  capensi%,  especially  in  Namibian  waters,  preventive 
measuies  have  had  varying  degrees  of  success  and  the  number  of  fur  seals  killed  by  fishermen 
b  unknown,  but  probably  oonsideraMe.  Seals  also  harass  trawlers  fishing  for  hake,  Merluccius 
capensis.  and  line-fishing  boats.  Sea  birds  sharing  islands  with  Cape  fur  seals  have,  in  al  least 
some  cases,  been  adversely  affected  by  the  latter's  population  increase  through  habitat 
competition  and  loss. 

The  number  of  tourists  regularly  viewing  4  fur  seal  colonics  may  total  68  000  per  year, 
with  income  exceeding  Rand  70  000;  although  harvests  are  conducted  at  3  of  these  sites,  there 
is  no  confiict  in  the  multiple  use  of  the  resource.  Cape  fur  seals  reportedly  do  well  in  captivity 
and,  in  recent  years,  most  seals  taken  for  foreign  zoos  (restricted  to  animals  less  than  age  2) 
have  come  from  Sea  Island  in  False  Bay,  under  Government  licence  (23  during  1971/77). 

l.'otarie  i  fourrurc  du  Cap,  Arciocephalus pusillus pusillus,  est  leseul  pinnip^e  indigdne 
sc  rcproduisanl  dans  les  caux  dc  TAfriquc  du  Sud  et  de  la  Namibic.  Elle  est  rdpartic  cntrc  23 
colonies  de  leptoducteuis.  de  Cape  Cross  a  Black  Rocks  (baic  d'Algoa);  la  plupart  des 
colonies  se  trouvent  au  nord  du  cap  de  Btmnc  Fsperance  et  dans  les  lies:  on  a  egalement 
signale  cuiq  colonies  de  non-reproducteurs.  Les  ananaux  se  dispersent  librement  dans  les 
eaux  o^tiires;  on  ne  connait  cependant  pas  de  mouvement  migratoire  d^fini  et  Pon  croit  que 
les  colonies  sont  asse/  dispersees  L'auleur  dc^nne  les  carael^res  dislinciifs  du  crAne  et  de  la 
dentition,  ci  indique  unc  comparaison  du  transfcrt  dc  protcincs  seriques  dans  les  deux 
sous-espices  d'A.  pusUlus.  Les  miles  adultes  atteigneni  une  longueur  de  234  cm  et  un  poids 
(avant  la  saison  de  la  reproduction)  estime  a  363  kg;  la  longueur  et  le  poids  maximaux  signal^s 
pour  les  femelles  adultes  sont  de  176  cm  et  122  kg,  respectivement.  On  a  estime  le  taux  de 
gestation  A  74  pour  cent:  les  vcaux  nouveau-n^s  ont  60-70  cm  de  long  el  les  naissances  oni  lieu 
en  majeure  partie  en  novcmbre  et  dt^cembre.  On  ne  posst^de  pas  d'estimationssurlestauxde 
mortaiitc  naturelle.  l.  auteur  exanune  les  causes  possibles  de  la  mortalite. 

Les  otarics  k  fourrure  du  Cap  habitaient  autrefois  la  plupart  -  et  peut-etre  la  totality  - 
des  lies  coiieres  dc  la  Namibic  et  de  I'Afrique  du  Sud.  mais  au  ddbut  de  ce  si6clc  leur  nombre 
avail  ete  serieusemenl  reduit  par  unc  cxptoilalion  mconlrolcc.  L'cspicc  a  bdncficie  pour  la 
premiire  fois  d'une  protection  juridique  vers  1890;  depuis  les  annies  40.  on  a  observe  une 
augmentation  de  la  population,  avec  la  formation  de  colonies  supplementaircs  l  a  production 
annueile  dc  jeunes  avant  I'exploitation  a  ete  estimee  a  290  700  sujets  et  I  on  a  calcule  qu'en 
1940  et  1971  la  production  avoisinait  respectivement  48  pour  cent  (139  522)  et  73  pour  cent 
(21 1  .100-213  250)  dc  cettc  laille  initiale.  I.e  dernier  chiffre  indique  un  total  de  population 
actuelle  de  830  000  animaux,  que  Ton  consid^re  etre  le  niveau  optimal  soutenu. 

Depuis  1947.  I'exploitation  oommerciale,  qui  £tait  autrefois  ime  entreprise  quasiment 
gouyemementalc.  est  devenue  un  systc^me  de  concessions  privies  mais  toujours  contrfSl^es  par 
I'Ltat  dans  le  cadre  de  la  Loi  de  protection  des  oiseaux  de  mer  et  des  pinnip^des  de  1973  et  de 
la  Riglemcntation  de  la  diasse  aux  pinnipMes,  de  1976.  En  1977,  14  colonies  itaient  sous 
concession,  des  quotas  de  capture  avaient  et6  fixes  pour  8  d'entre  elles,  pour  la  plupart  h  40 
pour  cent  du  taux  de  chasse.  Les  colonies  de  reproduction  non  exploitdes  foumissent  environ 
384    21  pour  cent  de  la  production  annudle  de  jeunes.  La  chasse  est  mterdile  dans  ks  colonies  de 
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non-rcproductcuR.  L'cxploilation  comprcnd  iradilionncllement  deux  campagnes:  une  cam- 
pagne  d'hiver,  avec  capture  de  jeunes  de  I'aan^,  atteignant  en  moyenne  72  S86  antmaux  pour 
1972-76  ou  34,4  pour  cent  du  nombre  de  jeunes  nds,  et  une  campagne  au  d^t  de  VM 
(surtout  en  novembre  et  d^cembre)  pour  la  capture  des  mSles  adultes,  qui  a  £l6  iaterrompue 
apres  1975.  quand  786  males  ont  et^  tu6i  dans  quatre  colonies.  La  valeur  commercialc  des 
captures  combinees  de  1972  a  cte  estimee  a  980  038  rands.  Les  jeunes  de  I'annde  sont  surtout 
capturds  pour  leur  peau ;  ceite  des  miles  est  bien  moins  bonne  et  sert  i  la  fabrication  du  cuir  ou 
de  fourrures  de  qualitt^  tr<bs  infiricurc.  Do  1974  i  1976,  la  production  annuellc  d'huile  tiree  du 
lard  a  6t6  de  210  000  litres.  Bien  que  Ics  carcasses  dipouillees  soient  a  present  presque  toutes 
jettes.  elles  reprfaentent  one  source  polentielle  prfeieuse  de  prot^ines  et  de  ferine.  L'adoption 
aux  Ftats-Unis  de  la  loi  sur  la  protection  des  mammifercs  marins  (MMPA)  en  1972  a  menace 
ct  a  mime  temporairemcnt  interrompu  Texponation  de  la  majeure  partie  des  pelages  des 
jeunes  de  Tannte  vers  les  Etats-Unis  par  1*tmposition  de  icstrictkMis  k  rimportatioii  det 
produiis  de  phoques,  en  se  fondant  -  entre  autres  ^l^ments  -  sur  PSge  minimal  A  TalMtUiseet 
i'aspect  humanitaire  des  mdthodes  de  mise  it  mort.  Oes  mesures  on  ili  prises  pour  amdiorer 
les  normes  de  capture,  i  la  fois  pour  respecter  la  MMPA  et  pour  rdpondre  a  I'interet  croissant 
du  public  sud-afHcain;  •'Europe  oonstitue  un  d^ucM  imrnddiat  pour  les  fbtimues  d'otaries 
du  Cap 

L'auteur  examine  certaui-s  rapports  ^cologiques  de  cette  esp^ce:  on  signalc  que  les 
poissons  pilagiqiies  en  bancs  et  les  otphalopodes  sont  les  aliments  les  plus  importants  de 
rolaric  a  foumirc.  bien  que  cot  aspect  ait  etc  pcu  ^tudi£  dans  Ics  eaux  dc  la  Namihic  On 
consid^rc  que  la  concurrence  pour  les  slocks  de  poissons  commerciaux  n'est  pas  importanie. 
Ce  qui,  par  conlre.  rev€t  plus  dlmporlanoe,  est  l^terfirence  directe  avec  la  pMie  A  la  senne 
coulissante  de  Sardinops  ocellata  et  Engraulis  capensis,  surtout  dans  Ics  caux  dc  la  Namibie. 
Les  mesures  preventives  ont  eu  des  succ&s  divers  et  le  nombre  d'otaries  k  foturure  tu^es  par  les 
pficfaeurs  est  incoonu  mais  probablement  consid^ble.  Les  otaries  harcdlent  aussi  les  chain- 
tiers  pdcfaant  le  merlu,  MeHuceius  capensis  et  les  bateaux  pSchant  &  la  ligne.  Les  oiseaux  de 
mcr  partageant  Ics  Tics  avec  Ics  otaries  d  foumirc  du  Cap  ont  i\t  -  du  moins  dans  certains  cas 
-  aiTect^  par  Taccroissement  de  la  population  de  pinnipddes  par  suite  dc  la  concurrence  -  et 
despertes  -  pour  I'habitat. 

Le  nombre  dc  lourisics  sc  rcndani  rcgiiliercmcnt  aux  quatre  colonics  peut  altcindrc  un 
total  de  68  000  par  an  et  le  revenu  qui  en  deeoule  ddpasse  70  000  rands.  Bien  que  des  captures 
soient  efTectutes  siir  trois  de  ces  sites,  il  n*existe  pas  de  coaflils  dans  l*utilisation  multiple  de  la 
ress<iurce  D'apr^s  les  nipportS,  ICSOlariCS  A  fourrure  du  Cap  supporlcnl  bien  la  captivitc;  la 
plupart  des  animaux  qui  sont  expidids  vers  des  zoos  Strangers  (il  est  interdit  de  capturer  des 
animmix  de  plus  de  2  ans)  provtenneni  <te  Seal  Island,  dans  Fake  Bay,  et  ne  sont  pris  qu'avec 
un  pennis  gpuveracmental  (23  de  1971  k  1977). 

EI  lobo  marine  de  dos  pelos  del  Cabo  (Arclocephalus  pusillus  pusillus)  es  el  unico 
pinnipedo  que  se  reproduce  en  aguas  de  la  Namibia  y  Sudifrica,  distribuido  en  23  colonias  de 
reproductorcs  desde  Cabo  Cross  hasta  Blade  Rocks,  en  la  bahfa  de  Algoa;  la  mayor  parte  de 
las  colonias  se  encuentran  al  nortc  del  cabo  de  Buena  Esperan/a  y  cn  varias  islas;  se  han 

rcgistrado  latubien  cinco  colonias  de  animales  no  reproductorcs.  Los  lobos  marines  se  dis- 
persan  libremente  por  las  aguas  costeras,  pcro  no  sc  sabe  de  movimientos  migratorios  dcfini- 
dos  y  se  cree  que  las  colonias  est^n  rdativaniente  aisiadas.  Se  resumen  las  caracteristicas 
distintivas  del  cranco  v  la  dcniicion  v  se  prcscnta  una  comparacicSn  dc  la  iransfcrencia  de  la 
proieina  suenca  en  las  dos  subespecics  de  A.  pusillus.  Los  machos  adultos  llegan  a  alcanzar 
una  kmgitad  de  234cm  y  un  peso  estimado  (antes  de  la  temporada  de  reproduocidn)  de  363  kg; 
la  lonfiitud  y  el  peso  maximos  registrados  cn  hcmbras  adultas  son  176  cm  y  122  kg, 
respectivaniente.  El  indice  de  gravidez  se  ha  calculado  en  74  por  ciento;  la  longitud  dc  los  385 
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cachnrros  al  nacer  cs  de  60-70 cm  y  la  mav'Tia  naccn  cn  nm  icniHri-  \  Jicicmbrc.  No  sc  disp<inc 
de  esticnaciones  sobre  la  mortalidad  natural.  Se  examinan  las  posibks  causas  de  morialidad. 

El  lobo  marino  de  dos  pelos  del  Cabo  vivta  aniafto  en  la  mayoria  de  las  tslas  costcras  de 
la  Namibia  y  de  Sudafrica.  y  qui/.'is  cn  tcxlas  ellas,  pcm  i  principios  de  estc  siglo  sii  numcrn  sc 
habia  reducido  gravemente  debido  a  la  explotacion  incontrolada.  La  especie  empezo  a 
protegerse  a  principios  del  deoenk)  de  1890  y  desde  k»  alios  cuarenta  de  este  siglo  se  ha 
observado  un  aumento  de  la  poblaci6n.  con  rormacion  dc  nucvas  colonias.  La  producciun 
anual  de  cachorros  antes  de  la  explotaci6n  se  ha  calculado  en  290  700  y  la  producci6n  de  1940 
y  1971  se  ha  estimado  aproximadamcnic  cn  un  48  por  ciento  (139  522)  y  un  73  por  cienio 
(211  300-213  500),  respectivamentc.  de  aquella  cifra.  La  ultima  de  las  dfras  indicadas  sugiere 
que  la  poblacion  total  actual  es  del  ordcn  dc  850  000  animales,  cifra  que  se  cree  ooindde 
aproximadamcnte  con  cl  nivcl  optimo  wstcniblc. 

Dade  1947,  la  explotadAn  oomeidal  ha  pasado  gradualmente  de  ser  una  actividad 
totalmente  estatal  a  un  sistema  de  concesiones,  en  su  mayoria  a  privados.  controlado  por  el 
gobiemu  y  adminiiirado  de  acucido  con  la  Ley  de  Protecci6n  de  A\es  MarinaN  y  Focas  de 
1973  y  cl  Rcglamcnto  para  la  Ca/a  de  Pinnipedos  de  1976.  I  n  1*>77,  sc  habian  cedido  en 
concesion  14  colonias,  establccicndo  cupos  dc  captiira  para  ocho  ilc  cllas,  tie  ordinario  del 
orden  del  40  pur  ciento  de  la  produccion.  Las  nuevc  colonias  de  reproductores  no  explotadas 
represenian  el  21  por  dento,  aproximadamente,  de  la  producci6n  anual  de  cachorros:  en  las 
colonias  de  animales  no  reproductores  esta  prohibida  la  ca/a.  Tradicionalmcntc,  las  tempo- 
radas  de  explotacion  ban  side  dos:  en  invierno  (junio-octubre),  cuando  se  capturan  animales 
de  un  alk).  oon  un  promedio  de  72  586  animales  en  1972^76,  o  sea  d  34,4  por  denio  de  los 
cachorros  n.icidos.  v  a  principios  del  vcrano  (sobre  todo  novicmbrc-diciembrc).  cn  que  se 
cazan  machos  adultos.  Esta  ultima  tcmporada  dc  caza  sc  mlcrrumpio  a  partir  de  1975,  aho  en 
que  se  capturaron  786  machos  adultos  en  cuatro  colonias.  El  valor  comeivial  de  las  capturas  de 
1972  sc  ha  estimado  cn  9S2  038  Rand  I  os  iobos  dc  un  aiio  sc  capturan  ante  todo  por  sii  piel; 
la  piel  de  los  machos  es  mucho  menos  valiosa  y  se  utiliza  para  producir  cuero  o  pieles  de 
calidad  inferior.  Entre  1974  y  1976  se  produjeron  anualmente  unos  210000  Ktros  de  acdte. 

Aiinquc  en  la  acliialidad  la  nia\i>r  parte  ilc  los  .ininialcs.  una  vc/  ilcspojados  do  la  piel,  sc 

descartan,  representan  una  fuenie  potcncialmcnlc  valiusa  de  proteinasy  carne.  La  aprobacion 
de  la  Ley  de  Proteoddn  de  los  Mamiferos  Marinos  de  los  Estados  Unidos  en  1972  puso  en 
peligro  la  exportacion  de  un  imp<irtantc  portent. ijc  dc  piclcs  dc  animales  dc  un  afio  a  los 
Eslados  Unidos,  fren^dola  al  menos  temporalmente,  debido  a  la  miposicion  de  restricciones 
de  importaci6n  a  los  productos  derivados  de  la  foca«  restricciones  que  dependen,  entre  otras 
cosas.  dc  una  cilad  minima  cn  cl  momcnto  de  la  capluray  deque.se  utilicen  metodos  humanos 
dc  caza.  Se  han  tornado  mcdidas  para  mcjorar  los  procedimientos  dc  explotacion.  tan  to  para 
ajustarse  a  la  ley  mendonada  oomo  para  responder  al  credente  interte  de  la  opm ii>n  piiblica 
sudafricana  por  esta  cuestion:  entre  tanto,  existe  ya  CO  EuTOpa  mefcado  pan  las  pielet  de 
lobos  marinos  de  dos  pelos  del  Cabo. 

Se  examinan  algunas  reladones  ecologicas  de  esta  espede:  los  datos  disponibles  indican 
que  los  pcces  pclagicos  que  vivcn  cn  cardumenes  y  los  cefalopodos  constituycn  los  alimentos 
mds  importantes  de  este  lobo  marino.  aunque  esta  cuestidn  se  ha  estudiado  poco  en  aguas  de 
la  Namibia.  La  competcnda  por  las  pobladones  comerdales  de  peces  no  se  considera  impor- 
(anic.  Mas  importantc  cs  la  interferenda  directa  en  las  pesquerias  dc  ccrco  de  sardma 
(Sardinops  ocellata)  y  anchoa  (Engraulis  capensis),  cspecialmente  en  aguas  de  la  Namibia;  las 
medidas  preventivas  no  han  tcnido  sicmpre  el  mismo  ixAo.  y  no  se  conoce  el  nOmero  de  lobos 
marinos  que  matan  los  pescadorcs,  pero  probahlemente  cs  tcnsiderablc.  Los  lobos  represen- 
tan  tambi^n  una  molestia  para  las  actividades  de  pesca  dc  merluza  (Merluccius  capensis)  al 
arrastre  y  para  la  pesca  con  palangres.  Las  aves  marinas  que  comparten  algunas  islas  con  este 
lobo  marino  h  m  rcsultado.  al  menos  en  algunw  caioc,  afcctadas  negativamente  por  d 
aumento  dc  la  poblacion  de  estos.  debido  a  la  mayor  competcnda  por  el  habitat. 
386  El  numeru  de  tunstas  que  visitan  regularmenie  cuatro  de  las  colonias  de  bbos  marinos 
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puede  llegar  a  unos  68  OOO  al  ano.  con  ingresos  superiores  a  70  000  Kand:  aunque  cn  ires  dc 
esas  coionias  sc  practica  tambit^n  la  ca/a.  el  uso  multiple  de  ese  recurso  no  plantea  conflictos. 
Segun  los  datos  disponibles,  los  lohos  marinos  de  das  pdos  del  Cabo  viven  bicn  en  cautividad 
y  en  los  ultimos  anos  la  mayoria  de  los  lobos  caplurados  para  parqucs  /oologicos  cxtranjcros 
(siempre  animales  dc  mcnos  dc  dos  anos)  ban  prtKcdido  dc  la  isia  Seal  cn  la  bahia  False  y  se 
ban  capturado  oon  Mcenda  estatal  (23  en  1971/77). 


FJk  Siaughnexiy 

Director,  Sea  Fisheries  Insiiiuu;  Fnvuw  Bag,  Sea  Fuini  HUM),  South  Africa 


Descriptive  part 


Identification 

The  only  seal  that  breeds  in  South  Afri- 
can  and  Namibian  waters,  the  Cape  fur  seal 

(Ardnccphalus  pusillus  pusillus),  occupies  the 
bulk  1)1  this  report.  F-Our  nlher  species  visit  the 
coasts  of  southern  Africa;  the  AimieriJam  Is- 
land fiir  seal,  A.  tropkaHs  (Net,  1971);  the 
southern  elephant  seal.  Miroun^a  Iconina 
(Ross,  1969;  Best,  1971a);  the  crabealer  seal. 
Lobodon  carcinophagus  (Courlenay-Latimer, 
1961;  Ross  et  al,  1976;  Ross  et  al.,  1978);  and 
the  leopard  seal,  H\(Jmri;a  Icptonvx  (Courte- 
nay-Latimer.  1961;  Best,  1971).  With  the  ex- 
ception of  a  single  elephant  .seal  that  gave  birth 
to  a  pup  on  the  southern  coast  of  South  Africa 
in  1953  (Kettlcwcll  and  Rand.  1955).  these 
four  species  are  not  known  to  breed  in  south- 
ern Afiica. 

Taxonomic  classification  of  the  Cape  fur 
seal.  Arclocephalus  pusillus  (Schreber.  1776), 
was  considered  by  Rand  (1956)  and  more  re- 
cently by  Repenning,  Peterson  and  Hubbs 
(1971).  The  nominate  sub-species  {A.  p.  pusil- 
lus) breeds  in  South  Africa  and  Namibia,  and 
A.  p.  dunjcrus  breeds  on  islands  in  Victoria, 
New  South  Wales  and  Tasmania  (Wameke, 
1976).  The  nomenclature  used  for  Arclo- 
cephalus species  in  this  report  follows  Rqpen- 
ning,  Peterson  and  Hubbs  (1971). 


Data  on  the  size  of  ("ape  fur  seals  arc 
given  by  Rand  (1956).  Adult  male  Cape  lur 
seals  attain  a  zoological  length '  of  234  cm 
(T  8").  and  are  estimated  to  reach  363  kg  (800 
lbs)  prior  to  the  breeding  season,  although  the 
maximum  weight  recorded  was  298  kg  (657 
lbs).  The  maximum  reported  length  and 
weight  of  adult  females  were  176  cm  (5' 9") 
and  122  kg  (268  lbs),  respectively.  Most  pups 
are  born  in  November  and  December  (Rand, 
1956;  Shaughnessy  and  Best.  1975):  they  are 
black,  with  a  zoological  length  of  between  60 
and  70  cm  (2'0"  and  2'  4").  Visible  moult  of 
black  pups  commences  at  the  end  of  February, 
and  is  most  obvious  in  March  and  April.  After 
they  lose  their  black  coat»  the  seals  are  referred 
to  as  yearlings. 

Skulls  of  the  Cape  fur  seal  were  describ- 
ed by  Repenning,  Peterson  and  Hubbs  (1971). 
With  few  exceptions  they  can  be  separated 
from  those  of  other  species  ol  Arclocephalus  by 
"the  short  maxfllaiy  shelf  of  the  zygoma,  by  the 
prevalence  of  single-rooted  first  upper  molars, 
bv  the  very  long  rostrum  and  nasals,  and  by 
the  very  broad  coronoid  process  of  the  man- 
dible**. They  can  be  readily  distinguished  fW>m 
other  species  of  Arclocephalus.  with  the  ex- 
ception of  .1.  australis.  by  the  prt>minent 
posterior  and  anterior  cusps  on  the  postcanine 
teeth. 


>  Nose  to  tail  measured  over  the  back.  387 
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Distribution  and  stock 

IDENTiUCAIION 

DistrUmtUm 

The  Cape  fur  seal  breeds  in  23  colonies 
in  Namibia  and  Sooth  AAica,  firom  Cape 
Cross  in  the  north  to  Black  Rocks  (Algoa  Bay) 
in  the  east  (Figs.  1  and  2).  Most  of  these  local- 
ities are  described  by  Rand  (1972^.  Six  of  the 
ookmies  are  atuated  on  die  mainland  (Cape 
Cross,  Wolf  Bay,  Atlas  Bay,  Van  Reenen  Bay, 


Fig.  I.  -  Seal  ojlonics ol  Naniibiiin  waters.  T  he  Van  Rccncn  Bav 
and  Ljon's  Head  a>k>nics  have  been  referred  iv  m  some  prc\  ums 
icpoils  as  the  beaches  oppasilc  Black  Rock  and  Sinclair  Island, 


Lion's  Head,  and  KIcinzcc):  the  others  are  on 
islands.  In  addition,  at  False  Cape  Fria,  Peli- 
can Point,  Budiu  Twins,  Duikerklip,  and  on 
the  rocks  off  Partridge  Point  on  the  western 
side  of  False  Bay,  aggregations  of  seals  occur 
regularly  with  peak  concentrations  in  the 
summer.  Aerial  photographs  of  False  Cape 
Fria  and  Duikerklip  taken  in  both  the  1971-72 
and  1974-75  breeding  seasons  failed  to  reveal 
any  pups.  The  colonies  at  Pelican  Point,  Buchu 
Twins  and  Partridge  Point  were  inspected  in 
December,  April  and  March  1974,  respective- 
ly, but  no  pups  or  small  yearlings  were  seen. 
Thus  we  conclude  that  these  five  areas  are 
non-breeding  colonies. 

On  the  western  coast  of  southern  Africa, 
Cape  fur  seals  are  occasionally  found  as  far 
north  as  Baia  dos  Tigres  (latitude  16"30'S)  in 
Angola,  and  isolated  individuals  have  been 
reported  in  purse-seine  nets  in  Baia  Quicombo 
(latitude  1  ri9'S)  by  da  Franca  (1967).  On  the 
eastern  coast,  however,  seals  apparently  do  not 
move  very  far  north:  Rand  (1967)  reported 
that  they  do  not  extend  beyond  East  London 
(latitude  33"S).  In  two  recent  breeding  seasons 
(1974-75  and  1975-76)  black  pups  have  been 
washed  ashore  in  the  vicinity  of  East  London 
(R.  Horn,  pen.  comm.). 

The  distribution  of  Cape  fur  seals  at  sea 
was  discussed  hv  Rand  ( !959a),  who  reported 
that  "they  scatter  Ireely  about  inshore  waters 
and  also  extend  out  to  sea  for  about  100 
miles".  Recently  seals  were  sighted  120  nauti- 
cal miles  (220  km)  off  the  south  coast  from  a 
Sea  Fisheries  Branch  trawler. 

Stock  Identification 

A  difTerence  in  the  crania  of  A.  p.  pumlhts 

and  A.  p.  doriferus  is  described  by  Repenning, 
Peterson  and  Hubbs  (1971):  the  cre.st  that 
unites  the  mastoid  process  with  the  jugular 
process  of  the  exoodpital  is  proportionately 
longer  \n  A.  p.  doriferus. 

In  addition.  Shaughnessy  (unpubl.  ohs.) 
has  made  a  preliminary  comparison  ol  the 
electrophoretic  mobility  of  the  scrum  protein 
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transferrin  in  the  two  sub-species. 
A  series  of  1 1  blood  samples  from  Cape  fur 
seal  yearlings  taken  in  the  winter  harvest  on 
Seal  Island,  False  Bay  in  1971  was  compared 
with  those  from  the  Australia-New  Zealand 
region  that  were  reported  by  Shaughnessy 
(1970).  Transferrin  types  of  the  False  Bay  se- 
ries were  Tf  A,  Tf  AC  and  Tf  AP.  The  Tf  P 
zone  has  a  faster  anodal  migration  rate  than  Tf 
A.  It  was  not  observed  in  fur  seals  from  the 
Australasian  region,  where  the  53  A.  p.  dortfe- 
rus  examined  where  Tf  A,  Tf  AC  and  Tf  C.  On 
the  other  hand.  A.  forsieri  from  Australian 
waters  were  all  homozygous  Tf  D,  a  type  not 
found  at  all  in  i4.  pusillus.  In  summary,  trans- 
ferrin of  the  11  A.  p.  pusillus  are  much  more 
similar  to  transferrin  of  A.  p.  doriferus  than 
those  oi  A.  Jorsieri,  but  minor  differences  bet- 
ween the  two  subspecies  of  A.  pu^llus  are  ap- 
parent. 

No  attempt  at  stock  identification  within 
A.  p.  pusillus  has  yet  been  made,  although 


blood  samples  for  this  purpose  were  collected 
from  seals  at  the  following  colonies;  Woll  Bay 
(62  pups).  Van  Reenen  Bay  (48  pups).  Seal 
Island,  False  Bay  (93  pups).  Geyser  Rock  (90 
pups).  Quoin  Rock  (36  vearlings).  Black 
Rocks,  Algoa  Bay  (1 1  pups  and  3  subadults). 
Rand  (1955)  considered  that  "the  herds  are 
fairiy  discrete",  since  he  believed  that  cows 
return  to  breed  on  the  same  rookcrv  year  after 
year.  This  statciuqnt  is  supported  by  evidence 
from  die  concentration  of  vitamin  A  in  livers 
collected  from  adult  bulls  between  1943  and 
1949  at  seven  colonics  ranging  from  Cape 
Cross  to  Black  Rocks.  Algoa  Bay  (Black  el  aL, 
1945;  Shaughnessy,  unpubl.  rep). 


MiGRAIIONS 

Although  indiv  idual  Cape  fur  seals  may 
travel  several  hundred  kilometers,  there  does 
not  appear  to  be  any  defmite  migratory  move-  389 
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ment.  Two  studies  designed  to  provide 
information  on  movements  are  (a)  recoveries 
of  marked  (tagged  or  branded)  seab  and  (b) 
observations  of  seals  at  sea.  Reports  of  earlier 
work  in  both  areas  by  Rand  ( 1959a),  and  work 
currently  underway  are  reviewed  brielly  here. 

Recoveries  of  Marked  Seals 

Rand  (1959a)  branded  an  unspecified 
number  of  seals  at  Sindair  Island  in  1948  and 

1949.  Four  animals  were  seen  awav  from  the 
colony;  all  had  travelled  at  least  360  km. 

Between  1954  and  1956,  nearly  3  000 
pups  were  lagged  at  Seal  Island.  False  Bay. 
The  14  recovenes  were  of  seals  in  their  first  or 
second  year  of  life,  and  all  had  moved  north 
along  the  west  coast  of  southern  Africa  with 
the  Benguela  Current  (Rand«  19S9a).  From 
January  1971  to  1077.  14  012  pups  were  tagged 
in  U  colonics  ( 1  able  1).  Up  to  mid-July  1977 
(the  beginning  of  the  sealing  season)  10  825  of 
these  were  at  risk  during  sealing  operations 
and  3  408  (31.5  *¥)  were  recovered  ^  their 
natal  colony  as  tagged  yearlings.  In  the  same 
period,  208  (1.5  %o{  those  tagged)  were  re- 
covered away  from  their  natal  colony,  S9  as 


yearlings  and  149  as  animals  older  than  one 

year. 

Most  of  the  recoveries  of  tagged  seals 
from  colonies  on  the  west  coast  and  from  Seal 
Island  in  False  Bav  indicate  n(>rth\^ard  move- 
ments. Seak  from  other  colonies  on  the  south 
and  on  the  east  coasts  seem  to  move  more 
randomly.  The  longest  movement  recorded 
was  a  direct  distance  of  1  650  km.  The  seal  \v:is 
tagged  at  Seal  Island  in  False  Bay  and  drown- 
ed in  a  trawl  net  offToscanini  ( 100  km  north  of 
Cape  Cross)  4.5  years  later.  On  the  south  and 
east  coasts  the  longest  recorded  movement  was 
780  km  -  a  seal  tagged  at  Geyser  Rock  and 
recovered  I  year  7  months  later  at  the  mouth 
of  the  Keiskamma  River  (33°18'S).  Other  not- 
able movements  were  from  Seal  Island  in 
False  Bay  to  Cape  C  ross.  a  distance  ot  1  500 
km  (10  recorded  by  Rand  (1959a)  and  six  more 
since  1971). 


Observations  of  Seals  ai  Sea 

Siiihline  records  of  seals  from  Sea 
Fisheries  Branch  ships  operating  on  the  west 
coast  ofCape  Province  between  1950  and  1959 
were  discussed  by  Rand  (1959a).  Seals  were 


TiMc  I. 


flf  Cape  far  seal  paps 


to  wMJtiy  1977 


Colony 

Year 

N»>.  pups 

Recovered  al  nalal  colonv 

yearling      older  than  1  year 
(-  mdicaies  no  harvest) 

Kf\.iivcr\  awa\ 
Irum  naul  colony 

Ciipc  Cross 

1972 

1365 

SIC 

2« 

8 

(0.6  %) 

Wull  Hav 

1974 

I  282 

613 

4 

49 

%) 

Atlas  Bav 

\')7A 

2  203 

539 

25 

93 

(42%) 

Loog  Islands 

1977 

2  655 

0 

AllMtrats  Rock 

l<*77 

532 

0 

Kldiizee 

1973 

.  2012 

584 

28 

19 

(0.9  %) 

Elephant  Rock 

19W 

SOI 

293 

1 

m%) 

Seal  Is..  False  Bay 

1971 

1203 

189 

1 

24 

(2.0  f) 

Geyser  Rwk 

1976 

KXW 

3 

(0.3  li ) 

Quoin  Rock 

1975 

6.17 

295 

0 

6 

(0.9  ) 

Seal  is..  Mosscl  Bay 

1975 

622 

385 

5 

(0  8^) 

Toul 

14  012 

3  408 

60 

208 

(1.5%) 

■  Only  ame 
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observed  regularlv  up  HO  miles  from  shore 
(the  most  dislani  slaiion)  and  were  believed  to 
go  as  far  as  100  miles  out  to  sea.  Higher  den- 
sities were  noted  in  the  vicinity  of  breeding 
colonics  and  dccp-sca  trawlers.  Cows  and  bulls 
were  relatively  rare  close  inshore,  bulls  being 
more  common  further  out.  The  number  of 
yearlings  sighted  at  sea  (inshore  only)  increas- 
ed during  spring  and  summer. 

Observations  of  seals  at  oceanographic 
stations  of  Sea  Fisheries  Branch  ships  were 
made  between  1959  and  1971  at  the  instipiitirm 
of  Dr.  R.W.  Rand.  Data  from  approximately 
8  000  stations  covering  the  waters  of  Namibia 
and  South  Africa  south  to  latitude  40"$,  and 
between  longitudes  lO'  F.  and  36' F  ha\  c  now 
been  transferred  to  computer  punch  cards. 
The  number  of  seals  per  observation  in  half 
dciircc  squares  of  latitude  and  longitude  for 
each  quarter  of  the  year  are  to  be  compared. 
One  quarter  of  the  year  will  cover  the  breeding 
season  (October  to  December).  In  this  way  it  is 
hoped  to  determine  the  distribution  of  seals 
and  whether  there  is  a  regular  annual  move- 
ment, either  along  or  away  from  the  coast. 


Vital  parameters 


Census 

Estimates  of  the  population  size  of  the 

Cape  fur  seal  were  made  by  Rand  (1959a, 
1972),  using  harvest  figures  for  bulls,  and 
counts  of  bulls  (and  in  some  cases  other  clas- 
ses) on  aerial  photographs  of  breeding  colo- 
nics. These  estimates  were  reassessed  by  Best 
(1973a). 

The  current  research  programme  on 
Cape  fur  seals  by  the  Sea  Fisheries  Branch 

includes  estimates  of  the  pup  population  of 
colonies  by  three  methods:  (1)  counts  of  black 
pups  on  aerial  photographs  of  colonies  taken 

during  the  pupping  season;  (2)  tag-recapture 
experiments  made  during  January:  and  (3) 
coileciion  of  tags  dunng  the  winter  harvest 


(w  hich  is  directed  at  vcarlings).  The  number  of 
pups  born  on  Seal  Island,  False  Bay,  in  the 
1971-72  breeding  season  was  estimated  by  a 
combination  of  these  three  methods  (Best  and 
Rand,  1975). 

The  relationship  between  the  number  of 
pups  bom  and  the  total  number  of  seak  in  a 
colony  of  the  Cape  fur  seal  has  not  yet  been 
determined.  For  both  the  southern  fur  .seal  at 
South  Georgia  (A.  ^azella)  and  the  northern 
fur  seal  {Calhrhinus  ursinus)  at  the  Pribilof 
Islands  the  total  population  is  considered  to  he 
four  times  the  number  of  pups  born  (Bonner, 
1968;  Johnson,  1972).  Until  evidence  to  the 
contrary  is  available,  this  relationship  will  also 
be  used  for  the  Cape  fur  seal. 


Methods 

Aerial  Pkoiogn^^ 

The  South  African  Air  Force  made  aer- 
ial sur\eys  of  most  seal  colonies  in  October 
1955,  November  1956  and  November  1967. 
The  methods  used  are  described  by  Rand 
(1959a,  1972),  who  counted  territorial  hulls  in 
each  colony,  and  cows  and  pups  or  other  ani- 
mals in  some  colonies. 

In  recent  years,  black  pups  have  been 
counted  on  aerial  photographs  of  colonics, 
taken  in  December  during  the  pupping  season, 
preferably  when  the  maximum  numbers  occur 
in  the  colonies.  Near-vertical  photographs  are 
taken  through  the  open  window  of  an  aircraft 
Hying  at  a  speed  of  100  knots  and  an  altitude  of 
110  m  (360  feet).  A  variety  of  aircraft  were 
used;  good  results  were  obtained  from 
hijgh-winged  Cessnas.  Photographs  are  taken 
with  a  hand-held  Pen  tax  Spotmatic  camera 
with  either  a  55  mm  f/1.4  or  a  50  mm  f/1.8 
lens,  using  Ilford  FP4  film  rated  at  200  ASA  at 
a  shutter  speed  of  1/ 1  OUOth  of  a  second.  Sev- 
eral transects  of  a  colony  are  required  to  ob- 
tain sufficient  overlap  for  counting.  Black 
pups  can  be  readily  distinguished  from  other 
seals  on  25  X  20  cm  prints  of  high  contrast.  391 
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Black  pups  are  tagged  at  one  or  two  col- 
onies per  year  as  part  of  a  continuing  pro- 
gramme of  population  estimation  by  tag-re- 
capture. Tagging  has  now  been  completed  in 
11  colonies  (Table  1).  Tags  are  applied  to  the 
rear  edge  of  the  fore  flipper  of  pups  in 
mid-January,  when  they  average  six  weeks  of 
age.  At  that  time  the  harem  structure  has 
broken  down,  but  the  pups  have  not  yet  be- 
come too  agile  to  escape.  Ine  monel  mkal  tags 
(Hasco  style  4-1005,  size  49)  bear  a  unique 
alphanumeric  combination,  and  the  inscrip- 
Uon  "GUANO  ISLANDS  CAPE  TOWN  . 
Recapture  of  samples  of  pups  at  the  same  col- 
ony takes  place  approximately  a  week  later. 
An  estimate  of  the  number  of  pups  in  the  col- 
ony IS  obtained  from  the  proportion  of  pups 
examined  tiiat  are  tagged.  Another  estimate  is 
made  after  tags  have  been  collected  at  the 
winter  harvest.  Approximately  half  of  the  pups 
are  double-tagged,  and  the  proportion  of 
yearlings  killrathat  had  been  given  two  tagi$ 
but  lost  one  is  used  to  make  a  correction  for 
shedding  of  tags. 


Resttlts 

Aerial  Fkatognapi^ 

From  a  combination  of  counts  of  bulls 
and  other  classes  with  harvest  data  from  (he 
years  1954  to  1956,  Rand  (1959a)  estimated  the 
population  of  seals  in  seven  colonies  in  the 
Cape  Province  (Quoin  Rock,  Geyser  Rock» 
Seal  Island  in  False  Bay,  Duikerklip.  Robbe- 
sleen,  Jacob's  Reef  and  Elephant  Rock)  to  be 
SO  000.  From  aerial  photographs  taken  in  1971 
or  1972  (Table  2),  a  total  of  at  least  29  176  pups 
was  estimated  to  have  been  bom.  indicating 
that  these  colonies  then  numbered  more  than 
100  000  seals. 

Rand  (1972)  counted  territorial  bulls  on 
392    photographs  of  all  colonies  (except  Klenizee) 


taken  in  November  1956  and  November  1967. 
and  cows  or  other  classes  on  some  of  the  colo- 
nies. He  considered  that  numbers  of  territorial 
bulls  had  changed  little  between  the  two  se- 
ries; however.  Laws  (1973)  noted  that  the 
count  for  territorial  bulls  in  the  colonies 
induded  in  both  surveys  decreased  by  12  % 
(from  8  771  to  7  719).  By  combining  the  maxi- 
mum catch  of  hulls  at  each  colony  with  the 
highest  counts  from  aerial  photographs.  Rand 
(1972X  estimated  the  maximum  number  of 
bulls  to  be  19  500  (although  summation  of  the 
appropriate  column  in  his  Table  XXIIl  gives 
20  219  bulls).  The  large  colony  at  Kleinzec  was 
omitted  from  this  cSculation,  since  no  data 
were  available  for  it.  Using  a  harem  size  of  14 
cows  (the  maximum  in  his  Table  XXIV).  Rand 
estimated  the  population  of  mature  females  to 
be  273  000.  These  data  were  reassessed  by  Best 
(1973a)  \o  obtain  an  estimate  of  12  800  harem 
bulls.  91  (KM)  Id  K58  (KX)  mature  females  (mean 
364000),  and  67  000  to  635  000  pups  (mean 
269000),  based  on  an  estimate  of  13  000 
breeding  bulls,  harem  size  ranging  from  7  to  66 
(mean  28),  and  a  pregnancy  rale  of  74  %. 

Best  (1973a)  provided  another  estimate 
of  pup  production.  He  first  estimated  sealing 
rates  at  one  island  (Seal  Island,  False  Bav)  and 
one  mainland  (Cape  C  ross)  colony,  from  tag 
recovery  during  sealing  operations.  He  then 
applied  the  island  rate  (25  %  of  the  pup  popu- 
lation) and  the  mainland  rate  (50  %  of  the  pup 
population)  as  appropriate  to  the  average 
catch  of  yearlings,  1969-72,  in  all  colonies.  Fop 
ulations  on  unacpkrited  colonies  were  as- 
sumed to  be  the  average  si/e  for  exploited 
mainland  or  island  colonies,  as  apprc^priate. 
He  arrived  at  a  figure  of  276300  pups  This 
estimate  is  now  considered  to  he  inllated  for 
the  following  reasons.  First,  not  all  animals 
taken  in  winter  harvests  are  yearUngs  (see 
"Commercial  Harvest**).  Second,  the  Dui- 
kerklip colony  was  included:  this  is  not  known 
to  be  a  non-breeding  colony,  and  so  should  not 
be  included  in  an  estimate  of  the  size  of  the 
pup  population.  Last,  and  most  important, 
counts  of  pups  on  a  series  of  aerial  photo- 
graphs (mostly  taken  in  December  1971)  indi- 
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TaMe  2.    Counts  of  Cape  fur  seal  pups  derived  from  aerial  photographs 


Couni  of  piip^  iin  CDunls  Cciinls  of  pups  on 

Cokmy  photos  taken  adjusted  lo  photos  taken  on 

44/12/71  18/12/71  other  occasions 


False  Cape  Fria 
Cape  Oran 
Hollamsbird  Island 

Luderit/  Islets: 
Marshall  Reef 
Staple  Rtx;ks 
Hoal  Bay  Rocks 
Dumfudgeon  Rock 

Wolf  Bay 

Atlas  Bay. 

Long  Islaiids 

Albatross  Rock 

Black  Rock 

Van  Rccncn  Bay 

I. ion's  Head 

Sirulair  Island. 

KIcm/cc 

Klephanl  Rock 

Jacob's  Reef 

RobbestecQ 

Duikeiilip 

Seal  Island.  False  Bay 

Gcvm.t  Rock 
Uuoin  Kotk 

Seal  Island  MonscI  Buy 
Black  Rocks,  Algoa  Bay 


0 

0 

11840 

17826 

324S 

S039 

486 

755 

1   O  T  ^ 

2  *J()K 

1  OHS 

1  689 

1  830 

2  873 

7869 

12219 

2395 

3  719 

2087 

3  241 

1  782 

2  767 

10  ISO 

15  771 

1606 

2494 

1562 

2425 

0 

0 

1  725 

2  679 

2411 

3  744 

2  083 

3  234 

1096 

1  702 

X8()5  (1().  |'74) 
23  295  (10/1/74) 


27  776  (19/12/72) 
3  376  (19/12/72) 

14449  (3/1/71) 


Total  54788  85  085  77  701 

162786 


cate  that  Best's  extrapolation  for  the  size  of 
unexploitedoolonies  was  an  overesttinate. 

Two  new  estimates  of  the  pup  popula- 
tion size  (Shaughne&sv  and  Best,  1976)  are  re- 
viewed here.  Both  make  use  of  a  series  of  aerial 

photographs  of  the  breeding  colonies.  Most  of 
these  photos  were  taken  between  4  and  6  De- 
cember 1971;  others  were  taken  more  recently 
(Table  2).  Since  pupping  had  not  finished 
when  the  aerial  sur\'cy  was  carried  out  in  early 
December,  counts  of  pups  on  these  photos  un- 
derestimate the  pup  production.  From  counts 
of  pups  on  aerial  photos  of  Seal  Island  in  False 
Bay  taken  during  the  1974-75  pupping  season, 
we  deduced  that  the  maximum  number  of 
pups  on  that  colony  occurs  on  about  18  De- 


cember (Shaughnessy  and  Best,  1975).  From 

the  regression  on  time,  of  the  number  of  pups 

E resent,  we  predicted  that  64.4  of  pups  are 
om  by  5  December.  I  herelbre  counts  in  col- 
umn 1  of  Table  2  have  been  multiplied  by 
I/.644  to  correct  them  to  the  maximum  num- 
ber that  could  be  expected  at  each  colony. 
Counts  made  after  18  December  (column  3) 
have  not  been  altered,  since  the  number  of 
pups  decreases  ver\'  slowly  after  the  maximum 
is  reached.  From  these  counts  of  black  pups  on 
aerial  photographs  of  the  colonies,  we  estimate 
that  at  least  162  000  pups  are  bom  annually. 
This  is  still  an  underestimate  because  a  small 
breeding  colony  was  omitted  from  the  aerial 
surveys  (Black  Rock,  Namibia),  and,  more  393 
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important,  not  all  pups  are  seen  on  aerial 
photographs  because  of  their  clumping  behav- 
iour and  the  surface  topography,  the  latter 
factor  varying  between  colonies.  In  an  attempt 
to  determine  to  what  extent  counts  of  pups  on 
aerial  photographs  underestimate  the  pup  pop- 
ulation size,  aerial  counts  of  four  representa- 
tive colonies  are  compared  with  final  estimates 
of  pup  population  size  obtained  from  the 
combination  of  counts  on  aerial  photographs, 
results  of  tag-recapture  experiment,  and  esti- 
mates based  on  the  recover)'  of  tagged  yearl- 
ings during  scaling  operations  (Table  3).  This 
comparison  indicates  that,  for  the  colonics 
oonoemed  (Cape  Cross,  Atlas  Bay,  Kleinzee 
and  Seal  Island  in  False  Bay)  an  average  of 
76.3  (S3  346/109  255)  of  the  pups  are  seen 
on  aerial  photographs.  Consequently  the  total 
count  of  pups  on  aerial  photographs  (162  786) 
has  been  adjusted  by  multiplying  it  by 
l/.763  (=  1.31)  which  gives  an  estimate  of 
pup  production  of  213  250,  for  the  1971-72 
pupping  season. 

The  second  estimate  is  derived  from 
Best's  (1973a)  estimate  of  sealing  rates  and 
from  the  catch  data  for  the  winter  harvest  from 
1969  to  1972.  Unexploited  colonies  are  esti- 


TaUe  3.  Estinates  of  pup  population  size  of  Cape  fur  seal 
colonies  Irr  aeriiri  piMitograpliy  aad  tag-recaptun 
ii^cd  In  dcirrnikw  dic  proportion  of  pops  visAle  on 
aerial  phulograpln 


Colony 

Count  of  pups 
on  aenal 
photot 

Final 
esumaie  ^ 

Season 

C  .ijX'  (  ri>ss 

17  k:6  I 

15  841 

71-72 

Atlas  Bay 

23  295 

45  108 

73-74 

Kleinzee 

27  776 

33  900 

72-73 

Seal  Is  . 
r  aisc  Bay 

14  449  ' 

14  406 

70-71 

Totals 

S3  346  > 

109  244 

'  l>h.  K<s  lakcn  4/12/71.  cDUil  of  It  4nadiiMKd  to  Maximimciipeeied 
on  Uoccmbcr  18. 
'  See  TaMe  4. 


mated  bv  making  use  of  counts  of  pups  on 
aenal  photographs.  In  the  1969-72  sea.sons.  the 
following  colonies  were  exploited:  Cape  Cross, 
Wolf  Bay,  Atlas  Bay,  Long  Islands,  Albatross 
Rock,  Sinclair  Island,  Klein/ee.  Flcphant 
Rock,  Robbesteen,  Seal  Island  (False  Bay), 
Geyser  Rock,  Quoin  Rock  and  Seal  Island 
(Mossel  Bay).  For  these  colonies  the  average 
harvest  figures  have  been  reduced  bv  a  factor 
of  0.97  (or  0.94  at  Wolf  and  Atlas  Bay),  since 
not  all  the  animals  taken  are  yeariings.  The 
number  of  pups  in  each  colony  is  estimated 
from  these  figures  on  the  ha^is  of  an  assumed 
sealing  rate  of  0.25  for  island  colonies  and  0.50 
for  mainland  colonies,  as  estimated  previous- 
ly. This  gives  an  estimate  of  178  01 1  pups  pro- 
duced in  harvested  colonies.  From  Table  2  it  is 
apparent  that  these  13  colonies  represent 
85.0  %  (138  436/162  786)  of  the  total  pup  pro- 
duction, which  can  thus  be  estimated  as 
209420  pups. 

The  average  of  these  two  estimates  of  the 
pup  production  of  the  Cape  fur  seal  is  21 1  300 
pups.  Assimiingthat  the  number  of  pups  born 
represents  one  quarter  of  the  total  population, 
the  latter  can  be  estimated  as  830  000  animals. 

Estimates  of  pup  population  size  have 

been  made  by  the  tag-recapture  method  at  1 1 
colonies  to  date  (Table  4).  For  the  Klein/ee 
colony,  an  estimate  of  the  pup  population 
from  the  recovery  of  tags  during  sealing  was 
made  both  on  the  basis  of  all  animals  (42  723). 
and  of  males  only  (37  719).  The  recover\  rate 
of  lagged  male  yearlings  during  that  harvest 
was  greater  than  that  of  tagged  female  year- 
lings, indicating  a  higher  mortality  of  tagged 
females  between  lagging  (at  1.5  months  of  age) 
and  harvesting  (at  6.5  to  10.5  months  of  age) 
(Best,  1974).  Consequently,  an  estimate  of  pup 
population  ^si/e  based  on  recovery  of  males 
only  will  be  more  accurate  in  this  case  than  one 
based  on  both  sexes.  This  improvement  has 
also  been  made  to  the  estimates  for  other  col- 
onies where  the  proportion  of  tagged  males 
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TiNc  4 


Fstimatea(llilh 
capture 


Igr  aerial 


ltag4C> 


Aerial  idKMographs 


Coloay 


Date 


Couni 
of  pups 


Estimate  from 
tag-Kcapiufc 


Fstimaic  from 
recovers'  of 
lags  al 
harvest 


Final 
estimate' 


Cape  Cn»8* 

6/12/71 

17  826  s 

Incorrect 

IS82S±1221 

15  828±  1 221  (3) 

method  used 

Wolf  Bay 

10/  1/74 

8  80S 

8  930±I968 

21  655  ±  4  269* 

2I6S5±4269P) 

Alias  Bay 

10/  1/74 

23  295 

37  931  •  2>} 

52268*3  936 

45  108  ±3  282  (2. 3) 

Long  Islands 

17/12/76 

10  119 

15  I55±  1  487 

Hardest 

underway 

Albatross  Rock 

17/12/76 

2  461 

5  586  ±927 

Harvest 

underway 

Kleinzee^ 

19/12/72 

27  776 

30006±445S 

37  719±S042* 

33900  (2,3) 

Flcphanl  Rode 

16/12/75 

1630' 

I  196  ±153 

1532  ±132 

I364±ll0r2.  3) 

Seal  Is.,  False  Bay* 

3/  1/71 

14  449 

12  594±3  671 

16  176  ±368 

14  406  (1  :•  1) 

Gevser  Rock 

16/12/75 

4  955 ' 

6  553  ±  850 

No  harvest 

6  553  *  850 (2) 

QuDin  Rock 

20/12/74 

1  730 

2  292  '  207 

1  779-166 

2  036±  13X  (2.  3) 

Seal  is..  Mi>ssel  Bay 

18/12/74 

1  262 

2  095  ±  298 

2  555  ±  189 

2  325  ±  188(2.  3) 

'  Tlicrieurcin  pjrcnUieig  imdkattt  dw  calu—  ml  an  wiuch  the  admne  wmi  baicd. 

■  Ben  (W7J) 

•  Itci  and  Rand  (IW). 

'  C  tiuni  adjured  IK  maximum  ctpcclctl  on  DeemlMr  W. 
''  H»»ai  Oil  recovcricx  ot  UggcJ  males  only. 


increased  belween  Ihe  time  of  tagging  and  the 
harvest 


RAIti* 

Birth  Rates  —Reproductive  Potential 

The  pregnancy  rate  of  the  Cape  fur  seal 
was  estimateaby  Best  (1973a)  as  74  %.  This 

estimate  was  based  on  data  from  144  females 
collected  at  sea  between  1954  and  1956  bv 
Rand  (1959a).  In  March  1974  the  Sea  Fisheries 
Branch  resumed  pelagic  collections  of  Cajw 
fur  seals  aimed,  inter  alia,  at  refining  this  esti- 
mate of  the  precnancv  rate. 

Cows  produce  their  first  pup  at  three 
years  of  age,  according  to  Rand  (!9SS>,  who 
determined  the  age  of  his  specimens  from  an 
examination  of  skull  sutures.  However,  in  Au- 
gust and  September  1975  seven  females  in 
their  third  year  were  killed  at  the  Kleinzee 
col<Miy.  None  was  pregnant,  indicating  that 


Hrst  parturition  in  most  females  does  not  occur 
until  age  four  or  later. 

Tne  sex  ratio  of  pups  at  birth  has  not 
been  determined  but  pups  are  routinely  sexed 
during  tagging  operations  when  their  average 
age  is  6  wedcs.  A*U>tal  of  13  915  pups  in  11 
colonies  has  been  examined  (Table  5).  The 
unweighted  mean  proportion  of  males  in  these 
samples  is  0.561  with  standard  deviation 
±  0.036. 

Natural  Mortality  Rates 

No  estimates  of  natural  mortality  rates 
are  available  for  the  Cape  fur  seal.  However, 
collections  of  known-age  material  are  being 
made  routinely  and  a  reservoir  of  tagged  ani- 
mals of  known  age  is  being  built  up  in  the 
population.  I  he  causes  of  natural  niortalitv 
were  briefly  discussed  by  Rand  (1956).  He 
indicated  that  both  shades,  Carc/uirodon  sp. 
and  killer  whales,  Orcinus  area  prey  on  the  395 
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TaMc  5.  ScxntioofCa^fiiraMlpiipalMCwCMMeaBdtiro 


tion 

Colony 

Dale 

Male 

Feaiale 

Total 

male 

Cape  Cross 

4/1/72  & 
10/1/72 

S24 

540 

I  364 

604 

Wolf  Bay 

19/1/74 

757 

520 

1  277 

.593 

Atlas  Bay 

21/1/74 

1  169 

1  023 

2  192 

533 

Long  (slaods 

16/1/77 

1463 

1  162 

2625 

^57 

AlbatfOK 

Rock 

13/1/77 

284 

246 

530 

.536 

Kleinzee 

II/I/73 

1  211 

793 

2004 

.604 

Elephant 

Rix-k 

9/1/76 

2S2 

246 

498 

.506 

Seal  Is.. 
Fal-se  Bay 

I3/I/7I  & 
19/1/71 

708 

492 

1200 

.590 

Geyser  Rock 

15/1/76 

512 

482 

994 

.515 

Quoin  Rock 

8/1/75 

341 

273 

614 

.555 

Seal 

MoHclBay 

I0/I/7S 

360 

257 

617 

.583 

seals.  We  doubt  that  killer  whales  are  a  serious 

predator,  judEint:  hv  the  disregard  seals  show 
for  underwater  piavback  of  killer  whale 
sounds  (Anon.,  1975).  /\  number  of  second- 
hand reports  suggest,  however,  that  sharks 
nmy  be  a  frequent  predator. 

Internal  parasites  in  Cape  fur  .seals  have 
been  discussed  by  Rand  (1956, 1959a),  but  it  is 
not  known  if  any  of  them  eause  mortality  in 
the  host. 

Rabies  was  identified  in  black- backed 
jadcals  (Cams  mesontelas)  at  Cape  Cross  in 
August  19'^^  Since  jackals  scavenge  in  the 
mainlanti  seal  colonies  and  prev  on  pups,  it  is 
possible  that  they  could  transmit  the  disease  to 
seals,  though  no  cases  of  rabies  in  seals  have 
yet  been  reported. 

Morrcll  (1K32)  reported  a  large  number 
of  carcasses  (estimated  at  not  less  than  half  a 
million),  of  Cape  fur  seals  on  Possesion  ls> 
land,  and  on  Seal  and  Penguin  Ishinds  in  Lu- 
deritz  fJav  in  September  1828.  He  attributed 
the  deaths  to  "the  elTects  of  a  pestilence  or 
plague"  (p.  290)  but  later  considered  that  they 
were  "overwhelmed  and  suffocated  by  one  of 
these  sand-spouts ...  accompanied  by  the  sult- 


ry, stifling  sand-winds"  (p.  312)  No  satisfac- 
tory explanation  has  been  advanced  for  the 
cause  of  this  mortality,  nor  has  such  a  case 
been  reported  again. 

It  is  thought  that  pups  on  small  island 
colonies  are  subject  to  considerable  risk  of 
being  washed  away  in  the  first  few  months  of 
life,  while  they  are  still  weak  swimmers.  This 
conclusion  is  based  in  part  on  events  that  oc- 
curred at  the  Black  Rocks  colony,  Algoa  Bay, 
during  the  1974-75  breeding  season.  904  blade 
pups  were  counted  on  aerial  photographs 
taken  of  this  colonv  on  18  December  1974.  but 
only  a  small  number  (less  than  50)  were  ob- 
served when  the  colony  was  visited  <mi  IS  and 
16  March  1975.  Since  hundreds  of  black  pups 
were  picked  up  on  mainland  beaches  as  far  as 
60  km  from  the  colony  within  four  days  of  a 
storm  on  28  December  1974,  we  concluded 
that  most  of  the  pups  had  been  washed  off  the 
island. 

Reports  of  dead,  prematurely  born  pups 
at  the  colonies  on  Elephant  Rode,  and  on  Seal 

Island.  False  Bav.  were  received  during  Sep- 
tember and  October.  1974.  .An  exammation  of 
lungs  of  a  sample  of  35  pups  indicated  that 
more  than  half  of  them  (20)  had  been  bom 
alive.  43  dead  pups  were  picked  up  at  Elephant 
Rock  on  23  September,  indicating  that  a  not 
insignificant  portion  of  the  annual  pup  pro- 
duction of  this  colony  (estimated  as  2  500 
pups.  Table  2)  must  have  been  bom  prematu- 
rely in  1974.  No  indication  of  the  cause  of 
death  was  apparent  from  gross  examination  of 
the  cadavers,  nor  from  toxicological  and  bac- 
teriological tests  done  by  the  State  Veterinary 
Laboratory. 


Harvesting  Rates,  Cmmnercial  and  Inci- 
dental Kill 

Commercial  Harvest 

Cape  fur  seals  are  currently  managed 
under  the  Sea  Birds  and  Seals  Protection  Act, 
1973  and  the  Sealing  Regulations  of  1976.  The 
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harvest  has  iradiUonally  been  directed  at  seals 
of  both  sexes  in  their  fuvt  year  of  life  aged 

between  6.5  and  10  5  months  (yearlings),  and 
at  adult  hulls.  1  he  tbrmcr  har\e.st  occurs  dur- 
ing winter  (June  through  October)  after  the 
first  moult  from  the  black  pup  stage  is  com- 
pleted. The  hull  harvest  occurs  during  early 
summer  (primarily  in  November  and  Decem- 
ber). In  addition,  a  small  proportion  of  sub- 
adult  and  adult  seab  are  mduded  in  winter 
har\ests.  In  recent  years  the  winter  harvest 
season  has  been  limited  to  the  months  of  Au- 
gust through  October  and  bull  sealing  has 
ceased. 

In  the  early  1890's  when  seals  first  re- 
ceived legal  protection  in  the  Cape  Colony 
(which  included  islands  ofT  the  coast  of  Na- 
mibia), all  sealing  there  was  done  by  the  Go- 
\cmmcnt.  The  colonv  at  Cape  Cross  in  Na- 
mibia has  been  harvested  by  private  enterprise 
since  before  1903  (Schultze,  1907).  The  com- 
mcrcial  harvest  has  gradually  changed  from 
being  almost  entirely  a  Government  operation 
in  1947  to  a  privately  operated  one  (though 
still  under  Government  control)  (Table  6).  The 
last  harvests  by  the  Government  occurred  in 
1975  at  Klcinzee,  Seal  Island  in  False  Bay  and 
Geyser  Rock. 


Contracts  issued  since  1974  to  private 
ooncessionaiFes  for  seal  harvesting  have 

included  a  limit  to  the  number  of  seals  that  can 
be  killed.  Table  6  shows  the  status  of  the  14 
colonies  exploited  in  1977.  Aspects  of  these 
contracts  and  reasons  for  the  absence  of  quotas 
prior  io  1074  were  discussed  hv  Best  (1973a). 
Quotas  are  generally  introduced  into  contracts 
as  they  are  renewed;  an  exception  is  the  con- 
tract for  Hollamsbird  and  the  four  Luderitz 
Islets  which  was  renewed  in  1975  without 
quotas.  A  quota  was  negotiated  for  the 
long-term  concession  for  Wolf  and  Atlas  Bays 
in  1974  and  has  been  ren^otiated  since.  How- 
ever, there  is  still  no  quota  for  the  other 
long-term  concession  at  Cape  Cross.  Most  of 
the  quotas  have  been  set  at  the  40  %  sealing 
rate.  The  most  recent  one  (that  for  Kleinzee  in 
1977)  includes  a  quota  at  the  35  ^  rate,  It  is  the 
only  contract  with  a  llexible  quota  that  can  be 
amended  during  the  concession  period  as  data 
on  the  size  of  the  colony  accrue.  Canoessions  to 
harvest  seals  in  specific  colonies  are  panted 
lor  periods  ol  3,  10  or  25  years. 

Seals  are  not  harvested  in  all  of  the  23 
breeding  colonies. 'Table  7  shows  those  colo- 
nies exploited  in  1973-1976.  In  1977  prixalc 
concessions  were  in  effect  for  14  of  the  colonies 


Tabic  6.    Colonies  of  the  Cape  fur  seal  hanested  in  1977  —  concessions  and  quotas 


Concession 

Current  concession 

Coloiiy 

fint 
framed! 

length 

expires 

yearlings 

Befofe 

Cape  Crifss 

1903 

23 

1985 

No 

ttollamsbird  Island 

1971 

5 

I98U 

No 

i.uderit/  bleiS^ 

I97I 

S 

I9S0 

No 

Wolf  Bay 
Alias  Bay 

1947 
1947 

25 
25 

I9SS  1 
1985  / 

30000 

Long  Islands 

1974 

10 

1983 

5000 

Albatross  Rocic 

1974 

10 

1983 

1500 

Sinclair  Island 

1974 

10 

4IWI 

Klcin/ce 

1977 

10 

12 (KHt 

Robbcstccn 

1965 

S 

I97H 

.^(10 

Quoin  Rtick 

l%7 

5 

\97i< 

1  800 

Quotas^ 


aduli  bulls 


0 
0 

500 
400 
700 
0 
0 
0 


:  <l«73a)L 


'  Some  infonnjlion  ffon 

'  FMrenluics:  Maahall,  Sttola,  Baal  Bay  for  Bfi»f4am}»mt  DiinAK%CM. 
'  Al  the  beiiaoiBt  tt  (he  whicr  banciL 
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(Table  6).  Concessions  for  two  colonies  expir- 
ed at  the  end  of  1975  (Seal  Island  in  Mossel 
Bay)  and  1976 (Elephant  Rock).  They  have  not 
been  renewed  as  the  colonies  showed  signs  of 
overharvesting.  The  other  breeding  colonies 
are  either  in  Diamond  Areas  of  restricted  ac- 
cess (Van  Reenen  Bay  and  Lion*s  Head),  with> 
in  a  military  range  (Jacob's  ReeQ,  too  small 
and  remote  for  consideration  (Black  Rtxrk  in 
Namibia  and  Black  Rocks  in  Algoa  Bay),  or 
are  still  under  consideration  for  harvesting  by 
private  enterprise  following  the  cessation  of 
Government  sealing  (Seal  Island  in  False  Bay 
and  Geyser  Rock).  As  pointed  out  by  Best 
(1973a)  seals  in  tfiese  nine  unharvested  colo- 
nies constitute  "a  substantial  reservoir  of 
unexploited  animals"  that  is  estimated  (from 
Table  2)  to  coniam  21  %  of  the  annual  pup 
production.  Sealing  is  not  permitted  at  the 
non-breedinii  colonies  at  False  Cape  Fria.  Pe- 
lican Point,  Buchu  Twins.  Duikerklip  and 
Partridge  Point,  although  a  small  experimental 
harvest  of  148  seals  took  place  at  False  Cape 


Fria  in  June  1976. 

Catch  figures  for  the  commercial  harvest 
up  to  1972  (Best,  1973a)  are  brought  up  to  date 
in  Table  7.  It  has  become  apparent  that  not  all 
seals  taken  in  the  winter  harvest  are  yearlings. 
Some  are  adults,  and  have  been  declared  as 
bulls  by  concessionaires  (irrespective  of  their 
sex)  and  included  in  that  category  in  TaUe  7. 
Others  are  suh-adults;  animals  in  their  second 
year  (referred  to  as  two-year-olds  here)  arc 
particularly  difficult  to  distinguish  from 
yearlings  using  external  characters.  These  sub- 
adults  have  all  been  included  in  the  figures 
for  the  yearUng  harvest. 

An  idea  of  the  proportion  of  seals  older 
than  one  year  that  are  taken  in  winter  harvests 
has  been  obtained  from  inspection  of  teeth  in 
the  lower  jaw.  In  yearlings  the  canines  are 
lower  than,  or  at  the  same  level  as,  the  post- 
canines.  while  in  animals  older  than  one  year 
(he  canines  are  considerahlv  higher  Another 
guide  (although  less  accurate)  is  obtained  from 
an  inspection  of  the  belly  blubber  for  cestode 


TiMc  7.  Winter  ani  aanuMr  hantatt  oT  Oft  tu  teds  !■  SouHi  AMra  ami  NuiMa  1973  to  tm* 

Colony  1973  1974  1975  1976 


Black  R.Kks,  \!g.,:i  Hay 

Seal  Island.  MosscI  Bay 

2  150 

2  054 

1  638 

Qui)in  RiKjk 

1421 

1  :o7 

970 

806 

GevM-T  Rock 

2310 

1  493 

I3« 

Seal  Island,  Fake  Bay 

2U9 

1635 

1.39 

Robbestecn 

458 

292 

350 

365 

Jaoob'ii  Reef 

Elephant  Rock 

449 

1550 

872 

1097 

Ktein/ee 

ISS«2 

17000 

13  615 

5318 

SincLiir  Ivl.ind 

454 

4  222 

4  294 

Alhairovs  Kt>ck 

224 

1  668 

1  125 

Long  Islands 

1543 

3740 

5  282 

3  83 1 

AUas  Bay 
Woir  Bay 

}  45891 

31506 

23  236 
12  380 

19  420 
1 1  548 

Luderilz  Islets 

744 

1689 

Hollaintbird  Island 

1879 

Cape  Cross 

7353 

6339 

9543 

11095 

T»'lal  Yearling  Catch 

80  674 

66  816 

74  945  J 

62467 

Total  Bull  Catch  2 

2246 

i  167 

786 

0 
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cysts  (absent  fhnn  yeailings).  In  winter  har> 

vests  at  five  colonies,  the  proportion  of  seals 
older  than  one  year  has  been  estimated  as:  3  % 
at  Cape  Cross  m  1972;  6  %  ai  Wolf  and  Atlas 
Bays  m  1974;  0.8  %  at  Kleinzee  in  1974;  1 1 .3  % 
at  Elephant  Rock  in  1976.  The  age  composi- 
tion of  these  older  animals  is  not  vet  deter- 
minable; information  from  tag  returns  may 
eventually  provide  an  indication. 

Sealing  rates  (see  Results)  were  estimat- 
ed by  Best  (1973a)  to  he  50  %  tor  Cape  Cross 
when  pup  population  size  was  estimated  m  the 
1971-72  season  and  25  %  at  Seal  Island  when 
pup  population  si/e  was  estimated  in  the 
1970-71  season  (see  Table  3). 

A  mathematical  population  model  de- 
signed to  predict  the  effects  of  various  har- 
vesting rates  of  yearling  females  in  a  stable 
population  of  females  has  been  developed  by 
Shaughncssy  and  Best  (1975a,  1976a)  in  collab- 
oration with  Dr.  T.D.  Smith,  of  the  Univer- 
sity of  Hawaii-  At  present  jhc  model  utilises 
estimates  of  some  population  parameters 
(mortality  and  pregnancy  rates)  obtained  fifom 
studies  of  the  hordiem  Air  s«d  (Callorhinus 
ursinus).  As  the  corresponding  parameters  for 
the  Cape  fur  seal  become  available  they  will  be 
incorporated  into  the  model.  The  current 
model  indicates  that  a  harvesting  rate  of  33  % 
of  the  number  of  female  pups  surviving  to  the 
beginning  of  the  scaling  season  is  the  rate  that 
wiu  maximise  the  catch  of  pups  on  a  siKtain- 
able  basis.  Because  of  the  p>olygynous  nature 
of  the  Cape  fur  seal,  it  may  be  possible  to 
exploit  male  pups  on  a  sustainable  basis  at  a 
h^er  rate.  Further,  tiiere  are  several  obser- 
vations that  suggest  that  the  seal  population 
has  been  increasing  (discussed  under  Histori- 
cal Development).  Consequently,  the  maxi- 
mum sealing  rate  for  each  colony  has  been  set 
at  a  slightly  higher  rate  (35  and  in  some 
colonies,  40  %),  though  this  may  be  revised  in 
the  future  in  the  light  of  management  expe- 
rience. A  harvestmg  rate  greater  than  40  % 
based  on  the  estimate  of  the  population  in 
1972  has  probably  been  maintained  at  the 
Cape  Cross  colony  since  1961,  and  according 
to  Zur  Strasscn  (1971),  the  population  has 


increased. 

The  winter  har\est  for  the  whole  popu- 
lation peaked  in  1973  at  80  674.  The  following 
decrease  was  caused  by  the  introduction  of 
quotas,  not  by  a  scarcity  of  seab.  The  winter 
harvest  for  the  last  five  years  (1972-76)  aver- 
aged 72  586  animals  representing  34.4  %  of 
the  pup  population  estimate. 

Calculations  indicate  that  the  Cape  fur 
seal  is  currently  at  about  the  optimum  sus- 
tainable population  level  (Shaughncssy  and 
Best,  1975a).  The  number  of  mature  females  in 
the  population  in  1971  was  estimated  to  be 
63  %  of  the  number  in  the  population  before 
commercial  exploitation  commenced.  This  is 
somewhat  higher  than  the  proportion  that 
would  be  present  if  the  population  were  at  the 
maximum  sustainable  vield  level  (52  T). 

Quotas  have  also  been  set  for  summer 
seaUng  (Table  6).  This  form  of  sealing  has 
been  decreasing  in  recent  years,  and  ceased 
after  1975  when  bulls  were  onlv  taken  at  four 
colonies  (Wolf  Bay,  Atlas  Bay,  blephant  Rock 
and  Seal  Island  in  Mossd  Bay). 


InddmUi  Honest 

Cape  fur  seals  are  taken  incidentally  in 
the  pelagic  purse-seine  fisheries  for  pilchard 
{SanHnops  aetata)  and  anchovy  (Engraulis 
capensis),  especially  in  Namibian  wateis.  In 
those  fisheries,  seals  are  attracted  to  the  seine 
boats  and  readily  jump  over  the  cork  line  into 
(and  out  oO  the  net.  They  create  problems  by 
eatingfish,  tightening  fish  flrom  the  net  before 
it  is  pursed  and  by  damaging  nets  after  they 
are  pursed  and  are  being  hauled  aboard. 
Weighted  firecradcers  that  explode  underwa- 
ter were  developed  and  marketed  from  1974  to 
1976  under  the  name  "Seal  Deterrents".  They 
were  partially  etfective  in  trightening  seals 
from  the  nets,  but  only  if  set  off  at  frequent 
intervals.  Their  use  was  banned  in  1976  at  the 
request  of  the  tlshing  industry  on  the  grounds 
that  they  interfered  with  the  fish  shoals.  Fire- 
arms are  also  effective.  The  number  of  seals  399 
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killed  by  pelagic  fishermen  is  not  known,  but 
the  number  of  cadavers  on  beaches  north  of 
Walvis  Bay  indicates  that  it  is  considerable. 

A  project  desired  to  frighten  seals  from 
purse-seine  nets  with  underwater  sounds  is 
currently  being  undertaken  by  the  Central 
AooustiGS  Laboratoiy  and  the  Department  of 
Zoology  of  the  University  of  Cape  Town,  in 
conjunction  with  the  Sea  Fisheries  Branch, 
and  funded  by  the  South  African  Society  for 
the  Prevention  of  Cruelty  to  Animals  and  the 
fishing  industry  (Anon..  1975).  Two  tape  re- 
cordings of  killer  whales  have  been  used:  one 
obtained  from  Dr  W.C.  Cummings  of  the  U.S. 
Naval  Undersea  Center  at  San  Diego,  the 
other  made  in  McMurdo  Sound  by  Dr  G.A. 
Kooyman  of  the  Scripps  Institute  at  San 
Diego.  The  tests  were  performed  on  Sea 
Fisheries  Branch  researcn  ships  near  Cape 
Town  and  on  a  purse-seiner  near  Cape  Cross. 
The  seals  were  obviously  aware  of  the  sounds 
on  the  first  mentioned  tape:  they  responded  by 
diving  rapidly,  and  on  resurfacing  'spied  out" 
the  vessel  before  resuming  their  previous  acti- 
vities. However,  neither  tape  elicited  an  appa- 
rent escape  response  from  the  seals.  On  the 
other  hand,  jackass  penguins  (Spheniscus  de- 
mersus)  rapidly  fled  on  hearing  the  killer 
whale  s{)unds  underwater  (Frost  et  al.,  1975). 
Further  trials  have  indicated  that  .303  bullets 
fired  into  the  water  next  to  seals  at  IS  second 
intervals  (or  shorter)  are  an  effective  deterrent. 
Efforts  are  being  made  to  build  and  test  an 
electronic  shock  wave  generator  with  similar 
sound  pressure  level  to  that  of  a  .303  buUet 
hitting  the  surface. 

Fur  seals  are  al.so  attracted  to  trawlers 
fishine  for  hake  {Merluccius  capensis).  The 
mortsdaty  of  seals  incidental  to  this  fishery  has 
been  recorded  on  Sea  Fisheries  Branch  re- 
search vessels  and  on  a  small  number  of  South 
African  commercial  trawlers.  For  the  12 
months  beginning  August  1976,  the  mortality 
rate  in  356  drags  was  0.045  seals  per  drag 

Individual  seals  also  harass  linc-fishing 
boats,  particularly  those  catching  snoek 
(Thyrsites  atun).  Fishermen  take  retaliatory 
action. 


Historical  Develo/mient 

**Historically  fur-seals  have  lived  on 

most  (if  not  all)  islands  round  the  coast  of 
South  Africa  and  South  West  Africa.  Howe- 
ver, foreign  sealers  (who  hunted  by  clubbing 
over  300  years  ago)  and  guano-workers  effec- 
tively destroyed  all  herds  associated  with  the 
guano-islands  off  the  West  Coast"  (Rand. 
1972).  Brief  comments  on  some  islands  that  no 
loneer  harbour  fur  seals  (Mercury,  Ichaboe, 
Seal  and  Penguin  Islands  in  Luderitz  Bay, 
Possession,  the  Saldanha  Bay  Islands.  Dassen 
and  Robben)  were  provided  by  Rand  (1972). 
The  location  of  former  colonies  of  the  Cape  fur 
seal  in  Namibia  and  South  Africa  is  shown  in 
Figures  3  and  4,  including  8  not  shown  by 
Rand  (1972)  which  are  briefly  described  here. 

A  colony  was  reported  on  Robbe  Islet 
near  Port  NoUoth  in  1779  by  the  traveller 
William  Patterson  (I'orbes.  1965).  Seals  were 
harvested  there  as  recently  as  1835  (Alexander, 
1838).  A  colony  on  the  mainland.  In  or  near  St. 
Heloia  Bay,  was  briefly  referred  to  in  the 
journal  of  .Ian  van  Riebeeck  (first  governor  of 
the  settlement  at  the  Cape  of  Good  Hope)  for 
1 1  October  1953  (Thom,  1952).  Three  extinct 
colonies  were  mentioned  by  Ross  (1971):  St. 
Croix  Island  in  Algoa  Bay.  and  Robherg  Pe- 
ninsula  and  Beacon  Island  in  Plelienberg  Bay. 
Seals  on  St  Croix  and  its  small  neighbours 
Jahleel  and  Brenton  were  reported  by  Mores- 
by in  his  survev  of  the  coast  in  1820  (Moresbv, 
1972).  The  colony  at  Robberg  was  also  refer- 
red to  by  Klein  (1972),  who  found  bones  of  the 
Cape  fur  seal  in  deposits  in  Nelson  Bay  Cave. 
The  Report  of  the  Guano  Islands  Commission 
(Cape  of  Good  Hope,  1907)  recommended 
that  the  Robberg  cdony  and  a  colony  near 
Walker  Point  be  opened  to  harvesting  by  pri- 
vate enterpri.se.  Since  1893,  when  conservation 
measures  for  the  Cape  fur  seal  were  included 
in  the  Fish  Protection  Act,  only  the  last  two 
colonies  have  been  eliminatetl  There  are 
strong  indications  that  the  population  of  the 
Cape  fur  seal  was  severely  reduced  by  the  early 
part  of  the  twentieth  century  (Gilchrist,  in 
Cape  of  Good  Hope,  1907;  Schultze,  1907; 
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Thompson,  1913).  Observations  suggesting 
that  the  population  of  the  Cape  fur  seal  has 
increased  since  the  1940's  were  presented  by 
Best  (1973a).  These  observations  concerned 
the  five  breeding  colonies  at  Wolf  Bay,  Atlas 
Bay,  Van  Reenen  Bay  (the  beach  opposite 
Black  Rock.  Namibia),  Lion's  Head  (the  beach 
opposite  Sinclair  Island)  and  Seal  Island  in 
False  Bay,  which  were  all  very  small  or 
non-existent  durinti  the  I940's  and  now  pro- 
duce substantial  numbers  of  pups  annuallv 
(Tables  2  and  4).  The  formation  of  mainland 
coloiiies  has  been  attributed  by  Rand  (1972)  to 


"the  destruction  of  large  desert  carnivores, 
known  predators  of  the  seak",  together  with 
the  "stringent  diamond  regulations  which 
have  curtailed  human  tralTic  on  this  coast  for 
many  years'*. 

Another  newly-formed  colony  and  three 
non-breeding  colonies  can  be  added  to  these. 
Firstly,  Albatross  Rock  was  not  listed  with  the 
breeding  colonies  by  Rand  (1949),  who 
thought  that  seals  present  on  the  island  in  1947 
may  have  been  the  harbingers  of  a  new 
breeding  herd.  At  least  3  700  pups  are  esti- 
mated to  have  been  produced  there  in  the 
1971-72  breeding  season  (Table  2).  Secondly,  a 
non-breeding  colony  has  formed  at  False  Cape 
Fria  in  recent  years  (Zur  Strassen,  1971).  The 
Sea  Fisheries  Branch  learnt  of  this  colony  in 
1970  and  photographed  it  from  the  air  in  De- 
cember 1971  and  Januarv  1975.  Finallv,  we 
first  licard  of,  and  visited,  two  other  non- 
breeding  colonies  at  Pelican  Point  and  Buchu 
Twins  in  December  and  April,  1974.  respec- 
tivclv.  The  existence  of  these  new  ndn-breeding 
colonies  is  indicative  of  an  incrca.sc  in  numbers 
of  the  Cape  fur  seal.  The  increase  in  the  num* 
ber  of  hauling-out  areas  is  probably  encou- 
raged by  the  disturbance  caused  bv  sealing 
activities  in  long-established  colonics.  In 
addition  to  this  evidence  for  an  increase  in  seal 
numbers,  there  is  an  unsubstantiated  state- 
ment by  Zur  Strassen  (1971)  that  the  seal  p<ip- 
uiation  at  Cape  Cross  has  increased,  despite 
the  effect  of  intense  winter  and  summer  har- 
vests. 

The  recent  establishment  of  several  col- 
onies indicates  that  legislation  controlling 
harvesting  of  the  Cape  fur  seal  has  been  effec- 
tive in  allowing  the  numbers  to  increase.  Ef- 
forts have  been  made  to  compare  the  present 
population  size  with  that  immediately  before 
commercial  exploitation  commenced.  Harvest 
figures  for  some  of  the  now-extinct  colonies 
have  been  obtained  from  the  journals  Jan  van 
Riebeeck  (Thorn,  1952).  Much  valuable  infor- 
mation on  sealing  in  the  early  days  of  the  Cape 
Colony  is  also  contained  in  Muller  (1942)  and 
Rand  (1973).  I  he  largest  of  the  extinct  colo- 
nies must  have  been  Possession  Island  where 
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Morrell  ( 1 832)  estimuted  that  nut  less  than  half 
a  million  seals  had  been  dead  ab(nil  five  yeai^. 
Because  Morrell  is  reputed  to  be  an  unreliable 
source  (e.g.  Eden,  1846),  and  because  esti- 
matesof  population  sizesofotherextinct  colonies 
are  insignificant  when  compared  with  Mor- 
reirs  for  Possession,  the  veracity  of  the  latter 
should  be  examined.  The  traveUer  S.V.  van 
Reenen  visited  Thomson's  (i.e..  Possession) 
Island  in  January  1791  in  ihc  Meermin  and 
noted  that  over  21  000  seal  skins  had  been 
taken  during  three  successive  years  and 
shipped  from  Possession  in  the  schooner  Betsy. 
Some  of  these  skins  were  possibly  taken  from 
nearby  Long  Island  where  the  sealers  were 
working  (Franken,  1938).  Rand  (1972)  noted 
that  as  many  as  30sraling  ships  were  operating 
out  of  Possession  in  1796.  though  it  is  quite 
likely  that  these  vessels  were  also  taking  seals 
at  nearby  colonies  (Long,  Albatross,  Sinclair), 
since  Possession  provides  the  best  anch<M«ge 
in  that  area. 


A  comparison  of  the  present  population 
size  of  the  C'ape  fur  seal  with  that  before  com- 
mercial exploitation  commenced  has  been 
made,  using  a  population  model  (Shaughnessy 
and  Best.  1975a).  and  estimates  of  the  pup 
population  si/cs  in  1940  and  1971.  The  com- 
parison has  been  included  in  an  appendix  to 
that  report.  It  is  briefly  described  here. 

Since  the  population  is  believed  to  have 
increased  since  the  I940's,  observations  of  the 
rate  of  increase  should  provide  an  mdication 
of  where  the  1940  population  was  on  the 
growth  curve,  and  thus,  indirectly,  of  the  size 
of  the  initial  population.  To  do  this,  the  size  of 
the  1940  populuuon  was  roughly  estimated  by 
assuming  that  the  six  newly-formed  breeding 
ookmies  referred  to  above  did  not  produce  any 
pups  in  1940.  From  counts  of  pups  on  aerial 
photographs  taken  in  1971  or  later,  a  total  of 
52  276  X  1.3 1  pups  is  estimated  to  have  been 
produced  in  these  six  colonies  (Table  2).  Thus 
the  pup  population  size  in  1940  is  estimated  as 
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213  250-72  722.  i.e..  139  528  pup.s.  approxima- 
tely iwo-lhirds  of  the  cslimatc  lor  1971.  The 
1940  population  was  then  assigned  the  biolo- 
gical parameters  (pregnane)'  rate  and  mortal- 
ity rate  of  pups)  pertaining  to  a  population 
considered  to  be  al  various  proportions  of  an 
initial  population  size,  and  its  progress  simu- 
lated by  the  population  model  for  31  cycles 
with  actual  catches  (Best,  1973a)  substituted 
for  a  constant  sealing  rate.  Predictions  of  the 
pup  population  size  in  1971  (Table  8)  com- 
pared with  the  estimated  pup  population  si/o 
for  1971  (taken  as  213  250)  indicate  that  the 
1940  pup  population  was  48  %  of  the  initial 
si/c.  Thus  the  initial  pup  population  size  can 
be  estimated  as  290  700  pups,  and  the  1971 
pup  population  estimated  as  73  %  of  its  initial 
value. 


Trophic  relationships 


Food  and  feeding 

The  food  of  Cape  fur  seals  collected  off 
the  south-western  coast  of  Cape  Province  bet- 
ween 1954  and  1956  was  studied  by  Rand 


Table  IL  PmUciions  of  ibe  p«p  populatioD  size  ia  1971  when 
Ike  pup  popalatiM  of  IMV  ms  TUimis  proportion 
<D  of  Ifeo  HNKplolled  poiMlalloB  sIm 


Proportion  of  the 
iniiial  pup  populalioa 
preient  in  1940 
(1) 

Pup  population  size 

mJWl  (P(U«i) 
pfedicicd  by  the 
model 

0.1 

496  065 

0.2 

372973 

03 

301  164 

0.4 

247  032 

0.48 

213  079 

0.S 

205628 

0.6 

173  313 

0.7 

147  559 

( 1959a).  The  frequency  of  occurrence  of  food 
items  in  245  stomachs  was:  50  %  fish,  37  % 
cephalopods,  and  13  %  crustaceans.  By  volu> 
me  the  composition  was  70  %  fish,  20  %  ce- 
phalopods and  2  %  crustaceans,  with  another 
8  %  of  miscellaneous  matter.  The  most  nume- 
rous prey  were  squid  (mainly  Loligo  spp.), 
maasbankers  (Trarhurus  irachurus).  and  pil- 
chards. Competition  between  Cape  fur  seals 
and  the  commercial  fishery  in  Cape  Province 
was  discussed  by  Rand  ( 1959a).  Although  the 
.seals  (other  than  vearlings)  consume  consi- 
derable amounts  of  fish  (estimated  at  600  lbs 
annually)  as  well  as  other  marine  animals. 
Rand  concluded  that  their  effect  was  much  less 
than  that  of  the  commercial  fisher^'. 

The  population  of  the  Cape  fur  seal  is 
now  estimated  at  211300  pups  (see  Aerial 
Photography)  and  634  000  seals  older  than  one 
year  (assuming  that  the  number  of  pups  born 
represents  approximately  one  quarter  of  the 
total  population).  The  annual  consumption  of 
fish  by  these  seals  is  approximately  173  0(X)  m 
tons,  considerably  less  than  the  2.4  million  m 
tons  of  fish  removed  by  the  commercial  fishery 
in  Namibia  and  the  Cape  Province  (Best, 
1973a). 

More  important  than  the  amount  offish 
eaten  by  seals  is  their  tendency  to  approach 
fishing  boats,  especially  pelagic  purse-seine 
boats  fishing  for  pilchards  and  anchovies,  and 
trawlers  fishing  for  hake.  Seals  frequentlv 
jump  into  purse-seines,  eat  fish,  damage  ncUi 
and  sometimes  chase  the  fish  from  the  net  be* 
fore  it  is  pursed. 

Stomachs  of  520  seals  in  their  first  year 
of  life  were  examined  at  the  winter  harvests  at 
Cape  Ooss,  Wolf  Bay  and  Atlas  Bay  (Best  and 

Shaughncs'<\ .  1975):  31  %  c(mtainc(.i  milk  and 

8  %  contained  solids.  The  most  common  items 
of  solid  food  in  stomachs  of  these  seals  at  Cape 

Cro.ss  were  crustaceans  (in  22  stomachs),  ce- 
phalopods (in  3)  and  fish  (in  2).  This  is  (he 
only  study  of  the  food  of  the  Cape  lur  seal  in 
Namibian  waters. 

Since  Rand*s  study  of  food  of  the  Cape 
fur  seal,  the  composition  of  pelagic  fish  popu- 
lations in  the  waters  of  Cape  Province  has  403 
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changed  as  a  result,  pnmarily.  of  the  decrease 
of  the  maasbanker  and  pilchard  populations, 
and  an  increase  of  the  anchovy  (Oeidenhuys, 
1973;  Stander  and  Le  Roux,  1968).  A  similar 
change  has  occurred  in  Namibi;jn  waters 
where  the  pilchard  slocks  deciineU  (Cram, 
1974)  and  Uie  anchovy  increased  (Newman, 
1970).  Presumably  therefore,  the  availability 
of  food  to  the  seals  has  also  changed. 

In  March  1974,  the  Sea  Fisheries  Branch 
resumed  collections  of  Cape  Air  seals.  Exami- 
nation  of  their  stomach  contents  will  provide  a 
better  understanding  of  their  current  food 
habits. 


Ecosystem 

The  inshore  range  of  the  Cape  fur  seal 

was  divided  into  three  distinct  /.oo-geographic 
zones  by  Rand  (1967):  the  West  Coast:  the 
area  between  Cape  Point  and  Cape  Agulhas 
on  die  south  coast;  and  a  third  zcme  between 
Mossel  Bay  and  Algoa  Bay  on  the  southeast 
coast.  Waters  in  these  three  /ones  have  been 
described  by  Rand  (1967)  and  Shannon 
(1970).  The  west  Coast  zone  is  dominated  by 
the  cold  (10°C  to  15"C)  upwelled  waters  of  the 
northward-flowing  Benguela  Current,  which 
is  found  within  160  km  olT  shore.  The  second 
zone  includes  the  area  of  nearshore  mixing 
between  cold  Atlantic  water  and  warmer  water 
flowing  south  in  the  Agulhas  Current.  The 
third  zone  includes  the  Agulhas  Current,  but 
the  two  seal  rookeries  (Seal  Island  in  Mossel 
Bay  and  Black  Rocks  in  Algoa  Bay)  are  in 
areas  where  moderately  strong  upweUingis  and 
countercurrents  periodically  occur  inshore. 

Other  aspects  of  the  scab'  environment 
(wind.  foil,  rain  and  air-tcmperature)  have 
been  considered  by  Rand  (1967). 

Other  organisms  that  form  part  of  the 
Cape  fur  seal's  ecosystm  are  mentioned 
briefly.  Its  nio^t  important  prey  are  pelagic 
shoaling  fish  and  cephalopods  (see  FcK)d  and 
Fading).  Species  that  share  the  same  prey  are 
the  Cape  gannct  {Moms  capensis),  jadcass 
penguin  and  various  cormorants  (FhaUtcroco- 


rax  spp.)  (Rand,  1959,  1960,  1960a)  and  dol- 
phins (Delphinidae)  (P.B.  Best  and  G.J.B. 
Ross,  pers.  comm.).  Its  predators  include 
sharks,  possibly  the  killer  whale  (see  Natural 
Mortality  Rates),  and  man,  both  as  a  com- 
mercial harvester  (sealer)  and  as  a  commercial 
fisherman  taking  seals  incidentally  to  fishing 
operations  (see  Harvesting  Rates).  Avian  scav- 
engers of  the  Cape  fur  seal  have  been  dis- 
cussed by  Rand  (1%7).  The  black-backed 
jackal  is  both  a  predator  of  pups  and  a  scav- 
enger of  carcasses  on  the  desert  coast.  The 
strandwolf.  or  hyaena,  (Hyaena  hninnea)  is 
another  scavenger  of  seals  on  the  desert  coast. 

Most  of  the  islands  on  the  coasts  of 
South  Africa  and  Namibia  are  inhabited  either 
by  sea  birds  or  by  Cape  fur  seals,  while  some 
islands  contain  populations  of  both,  e.g.  Hol- 
lam^ird,  Sinclav,  Elephant  Rode,  Seal  Island 
in  False  Bay,  Duikerkhp.  Gevser  Rock  and 
Quoin  Rock' (Rand,  1963,  197(1).  The  increase 
in  the  population  size  of  the  Cape  fur  seal  may 
have  been  disadvantageous  to  sea  birds  on  is- 
lands shared  by  both  groups  (Rand,  1970);  for 
example,  seals  displaced  the  sea  bird  colony  on 
Albatross  Rock  where  guano  was  once  collect- 
ed (p.B.  Price,  pers.  comm.).  Similarly,  ex- 
pansion  of  the  seal  population  was  responsible 
for  the  white  pelican  (Pelecanus  onocroialus) 
vacating  nesting  sites  on  Quoin  Rock  in  the 
early  1900's  and  on  Seal  Island,  False  Bay  in 
recent  years  (Rand»  1963). 


Other  factors 


Aesthetic  values 

In  the  winter  harvest.  Cape  fur  seals  are 
killed  by  clubbing  followed  by  severing  of  the 
heart  m*  great  vessels  with  a  knife  ("^sticking"); 
in  summer  harvests  bulls  are  shot.  Provision 
is  made  in  the  Sealing  Regulations  for  the 
harvests  to  be  inspected  by  ofRdals  of  the  Sea 
Fisheries  Branch. 

The  aesthetic  aspects  of  dubbing  have 
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been  discussed  by  Best  (1973a),  who  pointed 
out  that  (1)  il  a  better  method  was  available,  it 
would  be  used,  and  (2)  most  sdentists  who 
investigated  killing  methods  of  the  northern 
fur  seal  at  the  Pribilof  Islands  were  satisfied 
that  ciubbmg  is  humane  (U.S.  Senate,  1972; 
WiUiams  et  al.,  1973).  The  winter  harvest  of 
Cape  fur  seals  at  two  colonies  was  inspected  in 
August  1974  by  two  independent  U.S.  veteri- 
narians in  connection  with  the  application  of 
the  Fouke  Company  to  import  seal  skins  from 
South  Africa.  The  veterinarians  judged  that 
the  harv  est  did  not  attain  the  standard  of  hu- 
maneness required  by  the  U.S.  Department  of 
Commerce.  However,  they  stressed  that  seal- 
ing was  done  by  the  recognised  method  of 
clubbine  and  sticking.  In  the  tbllowinu  season, 
the  same  veterinarians  visited  these  colonies 
again  and  decided  that  the  harvest  satisfied 
their  standards  of  humaneness.  In  1976  and 
1977  Sea  Fisheries  Inspectors  were  stationed  at 
the  colonies  where  the  majority  of  the  har- 
vesting took  place. 


Products  of  the  sealing  industry 

Yearling  seals  are  taken  primarily  for 
their  pelts,  oil  from  their  blubber  being  a  by- 
product. In  the  past,  a  large  proportion  of 
yearling  skins  was  sent  to  me  USA  for  pro- 
cessing by  the  Fouke  Company,  where  the 
outer  guard  hairs  are  removed,  leaving  the  soft 
underfur.  Alternatively  skins  are  sent  to  Eu- 
rope, where  they  are  processed  "in  the  hair^ 
by  shaving  ofT  the  guard  hairs  to  the  level  of 
the  fur.  Skins  of  bulls  are  less  valuable  than 
those  of  yearhngs;  they  were  used  for  leather 
or  treated  in  the  hair  to  produce  a  much  in- 
ferior pelt. 

Blubber  from  most  of  the  animals  har- 
vested is  used  for  the  production  of  seal  oil. 
Production  in  the  3  years  1974-76  was  203  000 
litres,  233  000  litres  and  198  000  litres,  respec- 
tively. 

Although  seal  meat  was  frequently  used 
as  human  food  in  the  early  years  of  the  Cape 
settlement  (Thompson,  1913),  during  the  pres- 


ent century  skinned  carcasses  have  usually 
been  dumped  into  the  sea  or  buried.  Small 
amounts  cf  fiesh  seal  meat  are  eaten  Yry  the 
sealeis  (Rand,  1973),  and  seal  meat  has  also 
been  canned  for  human  and  pet  food,  but 
marketing  was  not  successful.  Carcasses  are 
utilised  at  one  rookeiy  (Cape  Cross),  where 
about  half  of  the  catdi  (yeailings  and  adult 
bulls)  is  rendered  into  meat-meal  and  bone- 
meal  (32  530  kg  and  9  850  kg,  respectively, 
in  1974).  In  1974  the  Department  of  mdustries 
actively  encouraged  seaung  conceasiimaires  to 
increase  their  utilisation  of  seal  carcasses,  and 
a  total  of  2  507  carcasses  of  yearling  seals  from 
the  harvests  at  Wolf  and  Atlas  Bays  and  Seal 
Island  (False  Bay)  was  frozen  and  sold  for  pet 
food.  This  form  of  utilisation  has  not  been 
repealed. 

The  quantity  of  raw  material  available 

annually  from  sealing  operations  was  calcu- 
lated bv  Black  et  ai.  (1945).  using  the  weights 
ol  pups  (live  of  each  sex)  and  five  bulls  that 
were  weighed  whole  and  in  pieces.  The  weight 
distribution  of  these  components,  together 
with  their  gross  weights  for  the  1974  harNest 
are  presented  in  Table  9.  By  discarding  the 
carcasses  alter  the  skin  and  blubber  have  oeen 


TaUe  9.  Weight  disiri bulloB  of  componcnls  of  >cariinK«  and 
hull  sciiK:  averages  and  totals  for  the  1974  hanesi ' 


Yearfings 

Adult  Bulls 

C  omponcnt 

A\  erase 

.il'  10 
animals 

Totals 
for  1974 

hafvesi 
(tonnes) 

.Average 
animals 

Totals 
for  1974 

harvest 
(tonnes) 

Total 
weight 

23.2  kg 

1551.9 

285.5  kg 

310.9 

Skin 

\\S% 

178.5 

9.0  ft 

28.0 

Blubber 

26.0  ft 

403.5 

16.1ft 

5ai 

Liver 

2.5  ft 

3.8  ft 

Intesliiies 

3Jft 

183.1 

lift 

37.9 

Flippers 

5.8  ft 

6.3ft 

Residual 

5a7ft 

786.8 

62.7  ft 

194.9 

M  Hack  «  «(  (tMS)k 
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removed.  63  %  of  the  weight  of  pups,  and  75  1 
of  the  weight  of  bulls,  are  wasted.  This  loss 
wouJd  have  amounted  to  about  1  203  tonnes  in 
1974 if  some  of  the  caicasses  at  Cape  Cross  and 
some  other  sealing  stations  had  not  been 
utilised. 

The  potential  value  of  the  carcass  can  be 
realised  from  a  breakdown  of  individual  organ 

weights  for  a  juvenile  female  Cape  fur  seal 
(Table  10).  The  dressed  carcass  (i.e.  body  with- 
out skin,  most  blubber,  head,  flippers  and 
viscera)  compri.sed  half  the  weight  of  the  seal, 
and  of  this,  about  54  could  be  readily  filleted 
off  as  meat  (us  might  be  practicable  in  a  com- 
mercial fishery)  with  a  Airther24.6  %  available 
as  "bonings"  (or  meat  obtained  by  more  care- 
ful cleaning  of  individual  hones).  More  than 
three-quarters  of  the  dressed  carcass  is  there- 
fore a  potential  source  of  red-meat  protein, 
and  this  would  have  amounted  to  a  total  of  609 
tonnes  (=  1551.9  x  .499  x  .786)  of  meat 
from  the  1974  yearlmg  harvest. 

The  calorific  vuue  of  the  muscle  of  3 
yearling  seals  averaged  5.700  Kcals  per  gm  diy 
weight  (J.  Field.  University  of  Cape  Town, 
pers.  comm.).  I'he  chemical  composition  of 
musde  and  bone  of  an  immature  female  was: 


TaMe  10.  Weight  (kg)  of  Ihe  components  of  a  jutciiile  feimrie 
Cafiefurteal 


Weight 

Percentage 

of  total 

(kg) 

Skin  (dchluhfH;rcd) 

262 

9.7 

Blubber 

1.91 

7.1 

Stomach  (and  conieiits) 

2.07 

7.7 

Liver 

ass 

3J 

Kidneys 

0.23 

0.9 

Heart' 

0.18 

0.7 

Tongue,  trachea  and  Ivngs 

1. 17 

4.3 

Inlestines 

1.39 

5.1 

Head 

1.26 

4.7 

Flippers 

I.H4 

6.« 

Dressed  carcass 

13.49 

49.9 

Tool  (of  pans) 

27.04 

100.2 

Total  (weighed  whole) 

29.09 

Filleted  meat 

7.27  . 

26.9 

All  meat,  including  boning!> 

10.60 

39.2 

Cleaned  bones 

189 

10.7 

22.9  %  protein,  0.80  %  fibre,  6.60  %  fat,  68.4  % 
moisture,  1.53%  ash,  0.08%  calcium  and 
0.23  %  phosphorus. 

In  1974  some  yearling  carcasses  were 
sold  for  pet  food  at  30  cents  per  kg.  Maximum 
utiUsation  of  the  786.8  tonnes  of  residual  car- 
casses (Table  9)  is  probably  an  impossibility 
due  to  tile  remoteness  of  some  concessions,  but 
if  it  were,  a  further  R236  000  might  have  been 
added  to  the  value  of  the  industry  from  the 
yearling  harvest.  For  comparison,  the  com- 
mercial value  of  the  1972  seal  harvest  was 
estimated  by  Best  (1973a)  as  R982  038. 


Fimme  product  demands 

The  influence  of  the  US  Marine  Mam- 
mal Protection  Act,  1972  (MMPA)  on  the 

South  African  seal  harvest  has  been  reviewed 
by  Shaushnessy  ( 1976).  Since  1925  most  of  the 
skins  from  Cape  fur  seals  have  been  exported 
to  the  Fouke  Company  in  the  USA  for  pro- 
cessing. After  the  passage  of  the  MMPA  this 
export  trade  ceased,  with  the  exceptions  of 
skins  sent  to  the  Fouke  Company  in  1973 
under  an  economic  hardship  exemption,  and 
in  1976  under  a  waiver  to  the  moratorium. 

According  to  Section  102  (b)  of  the 
MMPA,  marine  mammals  or  their  products 
may  not  be  imported  into  the  US  if  the  animals 
concerned  were,  inter  alia,  (1)  pregnant  at  the 
time  of  taking;  (2)  nursing  at  the  time  of  tak- 
ing; or  less  than  8  months  old,  whichever  oc- 
curs later;  (3)  taken  in  a  manner  deemed 
inhumane.  The  first  of  these  conditions  does 
not  apply  to  the  South  African  harvest  since  it 
is  directed  at  yearlings,  and  the  skins  of  any 
adult  cows  acddently  taken  in  the  harvest  are 
not  currently  sought  by  the  Fouke  C'ompany. 

The  nursmg  part  of  the  second  condition 
was  the  subject  of  a  report  Best  and 
Shaughnessy  (1975)  who  considered  evidence 
from  published  data  on  the  time  of  moult, 
shedding  of  milk  teeth,  stomach  contents  and 
intestinal  parasites  in  pups,  movements  of 
pups  and  yearlings,  and  survival  rates  of  ani- 
mus caught  for  display  purposes.  They  tenta- 
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tively  concluded  that  nursing  is  no  longer 
obligate  (delined  as  necessary  tor  the  health 
and  siuvival  of  the  pup)  from  July  onwards, 
that  is,  from  the  age  of  between  7  and  8 

months. 

The  "8  months  old"  limit  in  the  second 
condition  required  an  accurate  determination 

of  the  pupping  season.  This  was  achieved  at 
Seal  Island.  False  Bay  by  counting  black  pups 
on  aerial  photographs  taken  at  weekly 
intervals  between  IS  October  1974  and  13  Jan- 
uary 1975  (Shaughnessy  and  Best,  1975).  The 
maximum  number  of  pups  was  present  at  the 
colony  on  18  December.  From  the  regression 
analysis  of  number  of  pups  on  time,  it  was 
calculated  that  the  median  pupping  date  was  I 
December,  and  that  9()  ^1  of  the  pups  were 
bom  in  a  lime  span  of  34  days  between 
mid>November  and  mid-December.  The  be- 
ginning of  the  har\  cst  was  then  postponed  to  I 
August  to  ensure  that  more  than  half  of  the 
seals  were  older  than  8  months. 

The  third  condition,  concerning  humane 
killing  has  been  discusscci  ahdve  fAesihetic 
Values).  Steps  have  been  taken  to  improve  the 
standard  of  the  sealing  operations,  not  only  to 
satisfy  the  requirements  of  the  MMPA,  but 
also  in  response  to  the  increasing  interest  being 
shown  in  sealing  operations  by  the  public  in 
South  Africa. 

The  Fouke  Compan/s  application  for  a 
waiver  of  the  importation  moratorium  for  the 

1974  harvest  was  unsuccessful  because  the 
Soudi  AfHcan  harvest  was  judged  inhumane. 
A  waiver  to  the  MMPA  was  granted  for  the 

1975  and  1976  harvests,  with  the  added  prcn  i- 
so  that  the  annual  harvest  be  limited  to  70  000 
animals.  The  1975  harvest  was  completed  be- 
fore the  waiver  was  granted  and  exceeded 
70  (KX)  skins,  hence  none  of  those  skins  were 
imported  mto  the  US.  Some  skins  were  im- 
ported from  the  1976  harvest.  The  waiver  was 
invalidated  in  July  1977  by  an  appeal  court  on 
the  basis  of  infraction  of  those  parts  of  the 
MM  FA  concernmg  nursing  and  the  age  of 
harvested  animals. 

A  ready  market  for  Cape  fur  seal  skins 
currently  exists  in  Europe.  One  of  the  sealing 


concessionaires  is  now  interested  in  obtaining 
pelts  trom  sub-adults.  Such  skins  are  larger 
than  those  of  yearlings,  and  are  considered  to 
be  suitable  for  treatment  in  the  hair.  A  harvest 
of  sub-adults  in  lieu  of  yearlings  would  require 
a  re-evuluation  of  harvest  quotas. 


Other  uses  of  Cape  fur  seals 

Live  Cape  fur  seals  are  also  utilised  for 

display  purposes  at  their  colonies  and  in  cap- 
tivity. 4  colonies  are  visited  by  tourists.  The 
island  colonies  of  Duikerklip,  Seal  Island 
(False  Bay)  and  Seal  Island  (Mossel  Bay)  were 
visited  regularly  by  a  total  of  6  boats  in  1975. 
The  Duikerklip  and  False  Bay  boats  operated 
year-round,  with  the  emphasis  on  the 
3-month-long  summer  season,  while  the  4 
smaller  boats  at  Mossel  Bay  operated  only 
durinc  summer.  No  landinas  are  allowed  at 
these,  or  ariy  other  colonies,  without  permis- 
sion of  the  Director  of  Sea  Fisheries.  In  addi- 
tion, the  colony  at  Capo  Cross  is  also  visited  by 
tourists  under  the  supervision  of  the  Division 
of  Nature  Conservation  and  Tourism  of  the 
South  West  Africa  Administration.  The  other 
mainland  colonies  are  either  of  limited  access 
(False  Cape  Fria)  or  within  restricted  Dia- 
mond Areas  and  so  are  rarely  visited.  Infor- 
mation on  the  number  of  visitors  in  1972  to 
Seal  Island.  False  Bas  (9-10  (X)0)  and  to  Cape 
Cross  (6  308)  was  provided  by  Best  (1973a). 
During  the  tourist  season  at  Mossel  Bay  at  the 
beginning  of  1975,  17  000  people  viewed  Seal 
Island  from  boats  in  a  5  week  period.  For  the 
12  months  endingFebruary  1975,  35  000  visi- 
tors viewed  the  Duikeiklip  colony.  Overall, 
thoefore,  as  many  as'  68  000  people  per  year 
may  view  Cape  fur  seals  .it  their  colonies,  with 
monetary  takings  exceeding  R70  000. 

As  Best  (1973a)  noted,  harvesting  of  the 
seals  regularly  takes  place  at  3  of  these  4  colo- 
nies (the  exception  being  Duikerklip)  without 
contlict  of  interest  in  the  multiple  use  of  the 
resource. 

Cape  fur  seals  are  reported  to  thrive  in 
captivity  (Rand,  1956).  Most  Cape  fur  seals  407 
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caught  for  shipment  to  overseas  zoos  in  recent 
years  have  come  from  Seal  fstand  in  False  Bay 

under  licence  from  the  Sea  Fisheries  Branch. 
Only  animals  in  their  first  and  second  years  are 
taken,  and  Sea  Fishenes  Branch  scientists  have 
suggested  that  catching  be  limited  to  the 
months  between  July  and  October  to  avoid  the 
breeding  and  pupping  seasons,  and  because  it 
is  considered  that  "obligate  nursing"  of  yearl- 
ings ceases  during  July  (Best  and  Shaughnessy, 
1975).  According  to  that  report.  23  seals  were 
taken  from  Seal  Island  during  1971  and  1972. 

In  South  Africa,  captive  Cape  fur  seals 
are  displayed  at  the  Port  Elizabeth  Oceana- 
rium.  East  London  Aquarium,  .fohannesburg 
Zoological  Gardens.  National  Zoological 
Gardens  (Pretoria),  Tygerberg  Zoopark  (Cape 
Town)  and  Hartebeestpoort  Dam.  The  8 
yearlings  now  at  the  East  London  Aquarium 
were  among  the  hundreds  that  were  stranded 
as  black  pups  on  nearby  beaches  during  late 


December  1974,  after  a  storm  washed  most  of 
the  pups  away  from  the  colony  at  Black  Rocks, 
Algoa  Bay  (Shaughnessy.  unpubl.  rep  ). 

In  addition  to  Cape  fur  seals,  other  spe- 
cies that  have  come  ashore  near  Port  EUzabeth 
(crabeater,  southern  elephant,  and  Amsterdam 
Island  fur  .seals)  have  hcea  displayed  in  the 
Port  Elizabeth  Oceanarium  (Ross  et  aL,  1976; 
G  J.B.  Ross,  pers.  comm.). 
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Zi  k  StKAssi  N,  W.H..  The  fur  seal  of  .southern  AAica. 
197 1      Cape  Town,  Howard  Timmins,  7 1  p. 

Anon.,  Phantom  killer  whales     SPCA  backs  project  to 
1975      overcome  seal  problem  in  purse-seine  fisheiy. 
5.  Afr.  Sh^.  News  fisk  Ind  Rev.,  30(7):50^3. 
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Abtnaet 

The  Anij.icrd.)m  Island  fur  seal.  An  tocephalus  iropicalis.  is  found  in  3  mam  pi>pulalit)ns. 
all  north  of  the  Antarctic  Convergence:  Tristan  da  Cunha  and  Gough  bland:  the  Prince 
F.dward  Islands:  and  New  Amsterdam  and  St.  Paul  Islands.  This  fur  seal  is  not  reported  to  be 
migratory.  Dentition  and  the  distmctive  cream-coloured  chest,  throat  and  luce  are  distin- 
guishing features  of  the  species.  Adult  males  and  females  reach  standard  lengths  and  weights 
of  iiHout  ISO  cm  and  165  kg.  anil  145  cm  and  55  kg,  respcclivcK;  length  ami  weight  at 
birth  average  63  cm  and  4.9  kg.  Information  on  reproductive  biology  and  on  mortality  rates 
in  young  animals  is  reviewed. 

Uncontrolled  sealing  in  the  late  18th  through  the  l*)th  centuries  brought  this  species 
near  extinction;  estimates  made  between  1951  and  1973  .show  a  thriving  population  of  more 
than  23  400  animals,  which  is  continuing  to  increase,  with  breeding  on  all  major  mhabited 
islands  I  egal  and  illegal  harsxsling  i>f  up  to  se\cral  hundred  animals  per  vear  has  been 
conducted  on  Gough  Island,  where  a  sustained  yield  could  perhaps  be  taken:  small  numbers 
have  been  taken  on  New  Amsterdam  and  Marion  Islands  in  recent  years.  Trophic  relation- 
ships are  brieflv  review  ed,  res  ealing  no  e\  idence  of  direct  competition  betw  een  .  (  iropii  alis 
and  commercial  fishing  operations.  Competition  for  space  between  A.  irvpicalis  and  the 
southern  elephant  seal,  Mimmga  honiita,  presently  occupying  different  parts  of  the  same 
islands,  may  become  acute  as  numbers  of  die  former  species  continue  to  increase. 

Rcsumt- 

L'otarie  a  fourrure  dc  Hie  Amsterdam.  Aniocephalus  iropicalis,  conslitue  irois  popu- 
lations principales,  toutes  au  nord  de  la  convergence  antarctique:  He  Tristan  da  Cunha  et  lie 
Gough:  lies  du  Prince  lldouard:  et  ties  de  la  Nouvelle-Amsterdam  et  St  Paul.  On  n'a  pas 
signal^  dc  migrations  pour  cette  esp^.  La  dentition,  ainsi  que  le  pottrail,  la  gorge  ci  la  face 
couleur  crime  sont  les  signes  distinctifs  de  cette  cspice.  Les  mUles  et  les  femelles  adultes  ont 
des  lailles  et  des  poids  normaux  d'environ  180  cm  et  165  kg  et  de  145  cm  et  55  kg,  respeclive- 
ment  -  la  longueur  et  le  poids  a  la  naissance  sont  en  moyenne  de  63  cm  et  4,9  kg.  L'auieur 
passe  en  revue  les  informations  sur  la  biologie  de  la  reproduction  et  sur  les  taux  de  mortality. 

Unc  exploitation  inconlrolcc,  qui  s'esi  etendue  de  la  fin  du  18'  a  la  fin  du  19'^  siecle  a 
pratiquement  provoque  I'extinction  de  I'esp^;  d'apr^  les  estimations  efTectu^  entre  1951 
et  1973,  il  existe  une  population  \  igoureuse  de  plus  de  23  400  animaux  qui  continue  k 
s'accroitre  et  sc  reproduit  sur  toutes  les  grandes  iles  dcSertes.  Des  captures  lc*gales  el  illegales, 
atteiguant  jusqu'ii  plusieurs  cenlaines  d'animaux  par  an,  ont  ivt  rdalis^es  sur  Tile  de  Gough, 
od  un  rendement  soutenu  a  peut-Stre  obtenu.  De  petits  nombres  d*exemp1ahies  ont  i\k 
captures  ces  dernidres  annees  sur  I'ilc  de  la  Nouvelle-Amsterdam  et  sur  I'lle  Marion.  Les 
relations  trophiques  sont  brievement  passees  en  revue,  ne  faisant  apparaitre  aucune  preuve  de  411 
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concurrence  entrc  A.  tropicalis  ct  les  operations  dc  peche  commerciate.  La  concurrence  pour 
I'habitat  entrc  A.  tropicalis  et  Mirounga  leunina,  qui  occupe  k  present  diverses  parties  des 
rnCmes  iles,  poumit  dcvenir  gmve  k  oiesuie  que  les  effectifs  des  ouiiies  k  fouirure  contmoent  k 
augmenier. 

Extneto 

F.l  lobo  marino  de  dos  pelos  de  la  islu  dc  Nuc\a  Amsterdam  (  An  ioi  cphalus  iroph  alis)  se 
agrupa  cn  trcs  poblacit)nes  principales,  todas  al  norte  de  la  convcrgencia  antartica  I  ristan  da 
Cunh;i  c  isia  Cnnigh:  isiasdel  Principe  f diKiriio:  c  islasdc  Nucva  Amsicrdani  \  S.in  PahltK  No 
Mr  sabe  que  e!>le  lobo  marino  sea  mijiraiono.  C.  araticristicas  diMintivas  dc  csia  cspccic  son  la 
denttddn  y  el  color  crema  en  el  pecho.  la  garganta  y  la  cara.  La  longitud  y  peso  medio  de  los 
machos  v  hcnihras  adul(o>  es  del  orden  de  ISO  cm  \  165  \  145  cm  v  55  kt*.  respectivamente: 
la  talla  y  cl  peso  cn  cl  momenlo  del  nacinucnlo  son  por  termino  medio  de  63  cm  y  4,9  kg.  Se 
examina  la  infomiad6n  disponible  sobre  biologia  de  la  leproduocidn  y  mortalidad  de  ani- 
males  j(Svenes 

La  ca2a  incontrolada  a  fmales  del  siglo  XV'lil  y  en  el  siglo  XIX  ha  lievado a esta especie 
a  un  punio  pr6ximo  a  la  extincita;  las  cstimaciones  hechas  entre  195 1  y  1973  muestran  una 

pohlacion  en  aumento  de  mds  de  23  400  animates,  que  siciie  aumentando  v  se  reproduce  en 
loilu»  las  principaici*  islas  habiladas.  Anualmenie  se  han  capturadu  legal  e  ilegalmente  varios 
centenares  de  animates  en  la  isia  Gough.  donde  quizte  podria  obtenerse  un  rendimiento 
sostcnidix  cn  Ins  iiltimos  anos  sc  ha  capHirado  lambicn  un  pcquciio  numcri<  dc  cslos  animalcs 
en  las  u>las  de  Nueva  Amsterdam  y  Marion.  Se  examinan  brevemente  las  relaciones  iroficas. 
que  no  indican  ninguna  competencia  directa  entre  A.  tropicalis  y  las  pesquerfas  comeiciales. 
La  competencia  por  el  espacio  entre  .1.  irnpiiulis  \  el  eietante  marino  del  ^llr.  Mmmn^a 
leonina,  que  actualmenie  ocupa  partes  diversas  de  las  nmmas  islas.  podria  agudizarse  si  sigue 
aumentando  d  nOmeio  de  lobos  marinos. 


P.n,  Shaughnexsy 

Director,  Sea  Fisheries  Institute,  Private  Bag,  Sea  Point  HOOO,  South  AJrica 
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Descriptive  part 
Identihcation 

The  Amsterdam  Island  fur  seal  {Arcio- 
ccphalus  iropicalis)  was  for  many  years  re- 
garded as  conspecific  with  the  Kerguelen  fur 
seal  {A.  f^azelhi).  Thev  were  first  separated  on 
the  basis  of  eranial  and  denial  characteristics, 
at  the  sub-specific  level  by  King  (1959),  fol- 
lowing a  similar  suggestion  by  Paulian  (1957). 
King  (1959a)  recognised  A.  rropicalis  gazella 
from  Kerguelen,  Bouvet,  and  South  Georgia, 
and  A.  tropicaHs  tropicahs  firom  Manon, 
Gough  and  New  Amsterdam  Islands.  She 
noted  that  the  line  of  the  Antarctic  Conver- 
gence runs  in  between  the  two  groups  of  is- 
lands. Bonner  (1968)  concurred  with  King's 
differentiation.  Although  he  considered  that 
the  differences  between  the  two  taxa  rated  re- 
cognition at  the  specific  level,  he  did  not  revise 
the  nomenclature.  In  a  taxonomic  review  of 
the  genus  Arciocephalus.  Rcpenning,  Peterson 
and  Hubbs  ( 1971 )  distinguished  between  these 
two  taxa  at  the  specific  level  as  A.  gazella 
(Kerguelen  fur  seal)  from  islands  south  of  the 
Antarctic  Convergence  and  A.  tropicalis  (Am- 
sterdam Island  fur  seal)  from  islands  north  of 
the  Convergence.  No  important  changes  in 
nomenclature  have  been  made  since  then,  al- 
though Hrickson  and  Hofman  f  1974)  wonder- 
ed if  the  differences  between  the  two  taxa 
warranted  specific  recognition.  The  epithet 
pusillus  was  applied  incorrectly  to  fur  seals  at 
Gough  by  some  eailier  authois  (e.g.,  Elliott, 
1953). 

Repenning,  Peterson  and  Hubbs  (1971) 
noted  that  no  vernacular  name  had  been  reg- 
ularly applied  to  A.  iropicalis  They  proposed 
the  name  "Amsterdam  Island  fur  seal"  for  it 
because,  firstly,  the  type  specimen  was  believ- 
ed to  have  been  collected  on  or  near  that  is- 
land, and  secondly,  it  was  there  that  the  most 
detailed  study  of  the  species  had  been  made 
(PauUan,  1964).  The  vernacular  names  **Sub- 
antarctic  fur  seaP  and  "Kerguelen  fur  seal" 
have  also  been  used  by  Rice  and  SchefTer 
(1968).  The  former  is  only  partly  justified  be- 


cause, although  this  seal  breeds  on  suh-An- 
tarctic  islands  in  the  Atlantic  and  Indian 
Oceans  rather  than  those  south  of  the  Antarc- 
tic Convercencc,  it  does  not  occur  on  sub-An- 
tarctic  islands  in  the  Pacific  Ocean,  where  it  is 
replaced  by  the  New  Zealand  fur  seal,  A.J'or- 
steri.  The  vernacular  name  Kerguelen  fur  seal 
should  only  be  ased  for  A.  gazella,  which  oc- 
curs on  islands  south  of  the  Antarctic  Conver- 
gence, and  Kerguelen  which  lies  on  the  Con- 
vergence. Because  taxonomical  usage  for  the 
^enus  A rcmccpha Ins  in  this  report  follows  that 
of  Repenning,  Peterson  and  Hubbs  (1971), 
their  vernacular  name  for  A.  tropicalis  is  also 
used. 

One  of  the  most  distinguishing  external 
features  of  the  Amsterdam  Island  fur  seal  is 
the  conspicuous  cream-coloured  chest,  throat, 
and  face  of  the  bulls  contrasting  with  their 
black  head,  which  is  topped  with  a  crest  that 
can  be  raised  when  the  animal  is  excited.  The 
colour  of  the  females  and  immatures  is  less 
striking,  although  a  \cll(n\ish  colour  occurs  on 
the  chest,  throat  and  tace  of  these  animals. 

Adult  males  attain  a  standard  length  of 
about  180  cm  and  weigh  about  165  kg;  females 
reach  145  cm  and  55  kg  fPaulian.  1964),  At 
birth,  the  average  length  and  weight  ol  male 
pups  Ls  63  cm  and  4.9  kg,  respectively.  Pups  are 
bom  with  a  black  coat  which  is  shed  by  four 
months  of  age. 

Cranial  and  dental  characteristics  of  A. 
iropicalis  have  been  considered  by  Rand  (1956), 
Kmg(1959).  Paulian  (1964)  and  Repenning, 
Peterson  and  Hubbs  (1971).  The  last  authors 
considered  that  A.  iropicalis  was  closely  relat- 
ed to  y4.  australis  from  South  America,  and 
differed  from  it  primarily  in  ts  simplified 
dentition  and  distinctive  pclaye.  Differences 
between  A.  iropicalis  and  A.  gazella  have  been 
discussed  by  King  (1959)  and  Bonner  (1968). 
On  the  basis  of  these  differences.  King  (1959) 
was  able  to  recognise  a  specimen  A.  gazella 
i'rom  Marion  Island.  Condy  (1975)  also  recog- 
nised a  second  species  of  Arciocephalus  on 
MaridH  C^nisequentlv  it  is  possible  that  both 
species  were  included  in  Rand  s  (1959)  report 
on  fur  seals  at  Marion.  413 
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Distribution  and  stock 

IDtNilhlCAIION 

A.  tropicalis  is  known  to  breed  on  Gouiih 
(Swales,  1956).  New  Amsterdam  (Paulian. 
1964),  Sainl  Paul  (Segonzac,  1972),  Prince 
Edward  (de  Villiers  and  Ross,  1976),  and  Ma- 
rion (Rand.  1956)  Islands. 

It  has  been  recorded  as  breeding  on 
Nightingale  (Wace  and  Holdgale,  1976)  and 
Inaccessible  (Elliott,  1953)  blands.  At  Tristan 
da  Cunha  five  fur  seal  pups  were  recorded  in 
the  colony  at  Cave  Point  on  the  southwest 
coast  in  1962  when  the  islanders  were  in  Eng- 
land, but  no  pups  were  seen  there  in  1967/68 
(Wace  and  Holdgatc.  1976).  No  pups  were 
seen  among  30  fur  seals  at  Cave  Point  on  16 
December  1973  (M.E.  Richardson,  in  liti.). 
One  pup  was  sighted  in  December  1975  (van 
Rysscn.  1976). 

The  Crozet  Archipelago  has  been  in- 
cluded in  its  breeding  range  by,  for  example. 
Rand  (1956)  and  Scheffer  ( 1958),  but  a  recent 
report  by  Despin.  Mougin  and  Segonzac 
(1972)  indicates  that  although  fur  seals  bred 
there  last  century,  only  stragglers  identified  as 
A.  tropicalis  have  been  reported  since  1962. 
Despin.  Mougin  and  Segonzac  attribute  the 
error  made  by  Rand  and  Scheffer  to  misinter- 
pretation of  a  complicated  sentence  in  French, 
concerning  both  fur  seals  and  c!l  [  1  int  seals  at 
the  (  rozct  Archipelago  written  by  Aubert  de 
la  Rue  (1950). 

A  single  A.  tropicaUs  was  reported  ftom 
Macquarie  Island  by  Csordas  (1962)  who  sug- 
gested that  this  species  mav  have  been  the 
original  fur  seal  there.  Eight  stragglers  have 
been  reported  fiiom  the  South  African  coast 
since  1966  (Nel,  1971:  C.  J  B  Rc^ss.  P.B.  Best 
and  P.D.  Shaughnessy,  unpubl.  obs.). 

The  Amsterdam  Island  fur  seal  can  be 
considered  as  consisting  of  three  main  popu- 
lations which  occur  at  the  Tristan  da  Cunha 
Gough  group,  at  the  Prince  Edward  Islands, 
and  at  New  Amsterdam  and  St.  Paul  Islands. 
No  attempts  have  been  made  to  differentiate 
between  these  populations. 

Series  of  blood  samples  from  these  seals 


have  been  collected  at  Marion  Island  (bv  Dr 
P.R.  Condy)  and  at  Gough  Island  (by  the  au- 
thor). I  plan  to  compare  by  electrophoresB  the 

transferrins,  haptoglobins  and  other  proteins 
of  these  seals  with  those  of  Australasian  fur 
seals  (Shaughnessy,  1970)  and  a  large  series  of 
A.  p.  pu^thts. 

Migrations 

A.  tropicaUs  is  not  reported  to  be  migra- 
tory. Some  lonu  movements  have  been  re- 
ported,  namely  the  single  male  sighted  at 
Macquarie  Island  in  1959  (Csordas,  l%2)  and 
a  single  animal  recorded  by  Nel  (1971)  from 
the  South  African  coast  near  Port  Elizabeth  (a 
juvenile  female  that  came  ashore  in  1966). 
Another  seven  Amsterdam  Island  fur  seals 
have  been  recorded  on  the  South  .African  coast 
since  1966.  four  adult  and  one  juvenile  male 
and  two  adult  females. 

More  information  on  movements  of  A. 
tropicalis  may  come  from  tagging  studios  At 
Manon  Island,  by  April  1975, 67  fur  seals  had 
been  tagged  on  the  fore-flipper  with  monel 
metal  tags  bearing  the  inscription  RSA.  MA- 
RION and  a  unique  number.  At  (Joutih  Is- 
land, by  November  1975, 30  fur  seals  had  been 
given  similar  tags  bearing  the  inscription  RSA, 
GOUGH  and  a  unique  number.  In  November 
1973,  74  fur  seals  were  siiven  tags  marked 
GUANO  ISLANDS  CAPE  lOWN  (Condy 
and  Hester,  1975;  Shaughnessy,  1975).  At 
Amsterdam  Island  seals  were  tagged  on  the 
external  ear  with  "Identix-Hauptner"  marks 
(ToUu,  1974).  In  1972,  755  animals  were  lagg- 
ed and  in  January  1973, 482  pups  were  tagged. 


Vital  pamnelers 

Census 

Attempts  to  census  Amsterdam  Island 
fur  seals  have  been  made  on  several  islands  by 
direct  counting. 
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For  Gough  Island,  Swales  (1956)  mak- 
ing aHowance  Tor  animals  absent  from  beaches 
during  counting,  estimated  that  the  population 
in  the  1955/56  breeding  season  consisted  of 
1  645  adult  bulls,  5  210  immature  males  and 
females,  3  295  mature  females  and  2  754  pups, 
a  total  of  almost  13  000  animals.  He  estimated 
that  the  population  at  Gough  had  been 
increasing  at  the  rate  of  8  %  annually  from  a 
nucleus  of  300  animals  in  1892.  Swales  count- 
ed 394  seals  on  some  east  coast  beaches  of 
Gough  Island  in  1955/56.  On  the  same 
beaches,  Shaughnessy(  1975)  counted  787  seals 
in  October  and  November  1973.  Although 
the  twn  counts  are  not  strictly  comparahlc, 
the  large  difference  between  them  suggests  that 
an  increase  in  population  size  on  Gough 
may  have  occurred  since  1955. 

Swales  (1956)  believed  that  there  were 
another  600  seals  on  nearby  Nightmgale  and 
Inaccessible  Islands,  most  of  them  on  the  latter 
island  \  niall  number  of  seals  has  also  been 
recorded  Irom  Tristan  da  Cimha,  referred  to 
above,  under  Distribution. 

On  Marion  Island,  Rand  (1956)  counted 
fur  seals  during  the  1951/52  breeding  season 
and  estimated  the  population  at  not  more  than 
500  animals.  In  1972  and  1973,  de  V  iliiers  and 
Ross  (1976)  estimated  from  counts  that  at  least 
1  600  fur  seals  were  on  Marion  Island,  an 
increase  of  at  least  threefold  in  20  years. 
Another  1  100  fur  .seals  were  estimated  to  be 
on  Prince  Edward  Island.  A  more  recent  esti- 
mate for  Marion  Island  is  3  500 animals,  made 
by  P.R.  Condy  (Anon.,  1974). 

On  New  Amsterdam  Island,  Paulian 
(1964)  observed  500  pups  and  1  818  older  ani- 
mals in  March  1956.  while  in  March  1970. 
Segonzac  (1972)  observed  1  498  pups  and 
another  3  370  animals.  Segonzac  believed  that 
methods  used  for  counting  pups  were  identical 
in  both  studies,  indicating  that  a  threefold 
increase  in  the  population  had  occurred  in  14 
years.  In  January  1973,  Tollu  (1974)  used  the 
mark-recapture  method  to  estimate  the  pup 
population  size  (at  2  months  of  age)  at  the 
lareest  colony  (Plateau  de  la  Redierche)  at 
950.  He  then  estimated  that  another  700  pups 


occurred  on  the  island,  and  estimated  the  total 
population  at  4  600  animals.  As  Tollu  pointed 
out,  this  is  an  underestimate  as  it  does  not 
allow  for  mortality  of  pups  in  their  first  2 
months  nor  for  non-reproductive  females. 
Neither  does  it  allow  for  sub-adult  males. 

On  neighbouring  St.  Paul  Island,  Se- 
gonzac (1972)  counted  350  adults  in  Fehruar)' 
1970  and  the  first  pups  (3 )  known  to  have  been 
bom  there.  Another  7  pups  were  seen  in  1971. 

Despite  the  scarcity  of  recent  data  on 
population  sizes,  we  must  agree  with  Laws 
(1973)  that  A.  iropiculis  "appears  to  be  thriving 
after  near  extinction  last  century^,  since  the 
population  figures  given  above  total  more 
than  23  400  animals. 


Rates 

Birl/i  Rales,  Reproduction  Poiential 

Data  on  sex  ratio  at  birth  are  provided 
by  Paulian  (1964)  for  New  Amsterdam  Island: 
of  129  pups  examined  (newborn  or  less  than  8 
days  old)  only  54  (41.9  %)  were  male. 

Paulian  (1964)  estimated  the  harem  size 
in  1955  to  be  between  6  and  8  females  with  a 
maximum  of  14,  while  Tollu  ( 1974)  staled  that 
the  harem  size  there  in  1971  and  1972  was  7  to 
9  with  a  maximum  of  20.  Tollu  attributed  the 
change  in  harem  size  to  the  increase  in  the 
population  and  referred  to  Captain  Peron's 
oMcrvation  at  St  Paul  Island  of  harem  sizes  of 
between  20  and  30  females  in  1792-5  before 
harvesting. 

The  pupping  season  extends  from  25 
November  to  I  January  according  to  PauUan 
(1964)  anci  between  mid-November  and 
mid-December  according  to  Tollu  (1974). 
Pups  are  born  between  several  hours  and  sev- 
eral days  after  the  females  arrive  ashore 
(Tollu.  1974).  The  gestation  period  is  360  davs. 
The  period  of  delayed  implantation  was  esti- 
mated as  5  months  by  Tollu  ( 1974)  and  can  be 
estimated  as  3-4  months  from  Rand's  (1956)  415 
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data.  Nursing  continues  until  mid-October 
(Tollu,  1974)  when  the  pups  would  average  10 
months  of  age.  Paulian  (1964)  stated  that 
weaning  occurs  at  7  months. 


Natural  Mortality  Rates 

Paulian  (1964)  recorded  ihe  mortality 
rate  at  birth  as  0.9  1  amonii  more  than  300 
births  at  New  Amsterdam  Island.  1  he  mortal- 
ity rate  of  pups  aged  between  1  and  3  weeks  at 
the  colony  at  Plateau  de  la  Recherche  was 
63  T.  .Most  deaths  were  attributed  to  storms 
washing  pups  away.  At  two  other  colonies 
(Goodyear  and  d'Entrecasteaux)  pups  were 
able  to  nicnc  further  inland  and  the  nuirtality 
rate  during  this  period  was  much  lower,  being 
32  %.  From  3  weeks  to  5  months  of  age,  the 
mortality  rate  was  estimated  to  be  very  small  (1 
to  -'>).  For  all  three  colonies.  Paulian  esti- 
mated that  mortality  to  a^e  5  months  averaged 
47  %.  However,  he  consideFed  that  the  pup 
mortality  rates  for  the  19SS/S6  season  were 
higher  than  normal  because  good  weather  at 
the  beginning  of  the  breeding  season  had 
induced  bulls  to  take  u  p  territories  closer  to  the 
water's  edge  than  usual. 

Between  weaning  (at  7  months)  and  2 
years,  Fauhan  (1964)  estimated  that  the  mor- 
tality rate  was  of  the  order  of  40-50  %.  No 
estimates  of  mortality  rates  are  available  for 
older  animals. 

Parasites  of  A.  iropkalis  were  briefly 
described  by  Paulian  (1964).  Of  13  animals 
that  were  dissected.  10  contained  nematodes  in 
their  stomachs  and  1 1  had  cestode  larvae  in 
their  blubber.  Neither  oestodes  nor  acantho- 
oephalans  were  foimd  in  their  intestines.  Pau- 
lian did  not  consider  parasites  to  be  an  impor- 
tant factor  in  the  mortality  of  these  seals. 


Harvesting  Rates 

The  most  recent  harvest  of  fur  seals  at 
Marion  Island  was  in  1921  when  78S  were 


taken  (Rand.  I9.'i6).  Since  Rand  estimated  the 
population  on  Marion  in  1951/52  at  not  more 
than  SOO  animals,  it  seems  that  the  sealers  took 
a  large  proportion  of  the  population  in  1921. 
Rand  (1956)  discussed  the  prospects  for  seal- 
ing at  Marion  Island,  but  concluded  that  pro- 
tection would  be  more  pertinent  than  exploi- 
tation. Seals  at  Marion  and  Prince  Edward 
Islands  are  now  protected,  by  the  Minister  of 
Transport,  under  the  Sea  Birds  and  Seals  Pro- 
tection Act,  1973  of  the  Republic  of  South 
Africa.  No  concessions  to  harvest  seals  there 
have  been  granted  under  the  Act,  although 
seals  have  been  collected  at  Marion  Island 
since  1972  for  scientific  purposes. 

Gough  and  Tristan  da  C  unha  Islands 
form  part  of  the  British  Protectorate  of  St. 
Helena.  Marine  mammals  at  Gough  and  the 
Tristan  Islands  are  protected  under  the  Tristan 
da  Cunha  Conservation  Ordinance.  1976. 
which  is  included  as  an  appendix  in  Wace  and 
Holdgate  (1976).  The  fishing  company  that 
has  the  concession  to  take  seals  in  the  Tristan 
-  Gough  group  has  taken  a  few  hundred  ani- 
mals under  permit  from  the  Tristan  adminis- 
tration (Wace  and  Holdgate,  1976).  About 
400  immature  seals  per  year  were  taken  on 
average  illegaliy  from  Gough  in  the  early 
1950*s,  according  to  Swales  (1956).  That  har- 
vest, from  a  population  of  2  750  pups,  repre- 
sented a  sealing  rate  of  15  of  the  number  of 
pups  born.  Swales  considered  that  fur  seals  at 
Gough  Island  could  be  harvested  on  a  sus- 
tainable yield  basis.  He  estimated  that  500  2- 
and  3-year-old  seals  could  be  taken  in  the 
1956/57  summer  between  October  and  Feb- 
ruary, followed  by  440  in  1957/58.  The  har- 
vest could  then  he  increased  bv  8  annually, 
this  being  the  rate  at  which  he  estimated  the 
population  had  been  increasing  since  harvest- 
mg  ceased  in  the  1890*s.  Holdgate  (1957)  and 
Wace  and  HiMdizate  (1976)  also  considered 
that  fur  seals  at  Gough  could  be  harvested  on  a 
sustainable  yield  basis. 

No  harvesting  in  recent  years  on  New 
Amsterdam  or  St.  Paul  was  reported  by  Pau- 
lian (1964)  or  Segonzac  (1972).  Seals  on  these 
islands  (together  with  those  on  the  Crozet  Ar- 
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chipelago  and  parts  of  Kerguelen)  were  pro- 
tected in  1924  by  the  French  Chamber  of 
Deputies  (King,  1959).  However.  Paulian 
(1964)  reported  that  small  numbers  of  seals 
were  taken  annually  from  New  Amsterdam 
by  expedition  members  and  others. 


Trend  in  Abundance  (Historical  Devel- 
opment) 


Indiscriminate  and  unoontrolled  sealing 

on  sub-Antarctic  islands  during  the  18th  and 
I9[h  centuries  soon  reduced  the  size  of  the  seal 
populations.  The  reduction  of  the  several  pop- 
ulations of  A.  tropicalis  will  be  discussed 
briefly.  Statements  by  \arious  authors  that  fur 
seals  did  not  occur  on  the  island  they  visited 
should  not  be  accepted  uncritically,  for  the  fur 
seals  have  a  propensity  for  hauling  out  on  the 
rugged  western  coasts  of  suh-Antarclic  islands 
(discussed  by  Pauhan  (1964)  and  by  Segonzac 
(1972)),  while  human  visitors  tend  to  land  on 
the  protected  eastern  side.  Further,  a  small 
number  of  fur  seals  must  be  very  difllcull  lo 
find  on  boulder-strewn  beachei.. 

The  earliest  known  catch  of  fur  seals  at 
Gough  Island  was  of  1  100  seals  taken  in  1811 
(Swales,  1956).  Morrell  (1832)  visited  the  is- 
land in  November  1 829  and  saw  very  few  seals. 
A  total  of  only  396  fur  seals  was  taken  from 
Gough  in  a  period  of  about  IS  months  be- 
tween 1887  and  1889  by  men  from  the  Francis 
Alfyn  (Verrill,  1895).  The  seals  were  virtu- 
ally undisturbed  from  1892  (when  few  were 
reported)  until  the  earlv  1950's  when  a  small 
number  of  immature  animals  (up  to  400  an- 
nually) was  taken  illegally  from  tne  north  and 
east  coasts  (Swales.  1956).  Rand  (1956)  also 
referred  lo  recent  sealing  on  Gough. 

Fur  seals  were  once  very  common  on 
Tristan  da  Cunha,  but  were  exterminated 
there  late  last  century  (Swales.  1956).  The  Tri- 
stan Islands  were  first  visited  for  sealing  pur- 
poses in  1790  wheii  5  600  skins  were  taken 
(Allen,  1899).  Swales  (1956)  reported  that 


tur  seals  were  occasionally  seen  on  Tristan,  but 
considered  that  the  presence  of  humans  on  the 
island  prevented  the  population  from  increas- 
ing (the  presence  of  a  colony  at  Cave  Point  has 
been  referred  to  above,  under  Distribution 
and  Stock  Identification).  In  1955/56  he  esti- 
mated that  the  population  on  Nightingale  and 
Inaccessible  Islands  was  6O0  animals,  with 
most  on  the  latter  island. 

Early  sealing  at  the  Prince  Edward  Is- 
lands commenced  at  about  the  end  of  the  18th 
ccntun.  (Rand.  1956)  and  several  vessels  were 
taking  fur  seals  there  by  1806  (Allen,  1899).  No 
fur  seals  were  seen  on  Marion  Island  by 
members  of  the  Challenger  Fxpedition  in 
1872.  The  last  harvest  of  fur  seals  at  the  Prince 
Edward  Islands  occurred  in  1921  (Rand, 
1956).  Unfortimately.  the  C  ape  Town-based 
sealing  companv  (lr\  in  and  Johnson)  that  was 
most  active  in  scahng  on  the  Prince  Edward 
(and  Crozet)  Islands  during  the  eariy  years  of 
this  century  recently  informed  the  Govern- 
ment Archives  in  Cape  Town  that  they  had 
long  since  destroyed  their  sealing  records. 

Sealing  at  New  Amsterdam  began  in  the 
last  years  of  the  18th  century  (Paulian.  1964). 
Perhaps  the  earliest  catch  was  of  1  200  animals 
within  a  period  of  10  days  by  the  Mercury 
in  1789.  Fur  seals  were  still  abundant  on  these 
islands  in  the  I820's.  hut  Paulian  (1964)  con- 
sidered that  only  about  100  individuals  re- 
mained on  the  two  islands  at  the  beginning  of 
this  century,  while  none  was  seen  by  Aubertde 
la  Rue  or  by  Jeannel  in  the  I9.'^0's.  However, 
the  population  on  New  Amsterdam  had  recov- 
ered by  1955/56  when  Paulian  (1964)  count- 
ed a  total  of  2  318  animals,  and  estimated  the 
population  there  to  be  between  2  550  and 
2  800.  Later,  in  1970,  the  population  hud 
increased  even  further,  when  Segonzac  (1972) 
counted  4  868  animals.  Recovcrv  on  St.  Paul 
has  been  much  slower:  only  350  animals  were 
counted  in  1970  (Segonzac,  1972), 

The  fur  seal  still  existed  on  all  islands  of 
the  Cro/.et  Archipelago  up  to  about  1825.  hut 
had  disappeared  completely  by  about  1850 
(Despin,  Mougin  and  Segonzac,  1972;  Deren- 
ntetaiy  1976).  The  former  authors  argue  from  417 
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the  catch  figures  that  the  fur  seal  was  not 
abundant  on  the  Crozets  before  commercial 
exploitation  commenced.  When  Famiing  re- 
discovered the  Cro/ets  in  1805.  he  estimated 
that  an  abundance  of  fur  seals  occurred  on  the 
islands,  but  Despin,  Mou^  and  Segonzac, 
1972  considered  this  to  be  imprecise  and  loh 
trary  to  estimates  made  by  sealers  who  fol- 
lowed only  a  few  years  later. 

Fur  scab  were  not  recorded  from  the 
Crozets  again  until  1962,  and  had  not  begun  to 
recolonise  the  archipelago  by  1971  (Despin, 
Mougin  and  Segonzac,  1972). 


at  the  island. 

Stones  were  found  in  stomachs  of  a  small 
number  of  specimens  from  New  Amsterdam 
and  Marion  (Paulian.  1964:  Rand.  1956). 

Fish  and  lobster  are  caught  commer- 
cially at  New  Amsterdam  (Paulian,  1964; 
Beurois.  1975)  and  crawfish  at  the  Tristan 
Gough  group.  Food  habits  of  the  fur  seal  at 
Gough  have  not  been  reported.  Since  fish  and 
lobster  do  not  seem  to  be  an  important  food 
item  of  the  fur  seals  at  New  Amsterdam,  direct 
competition  between  fur  seals  and  commercial 
fishing  operations  would  seem  to  be  unimpor- 
tant, unkss  the  fiir  seals  at  Gough  feed  on 
crawfish  {Jasus  trisumi). 


Trophic  relatiouhlps 


Food 


Rand  (1956)  examined  an  undisclosed 
number  of  stomachs  of  fur  seals  collected  at 

the  colony  on  Marion  Island  and  reported  that 
fish  ( N(itotheniidae),  cephalopods  and  eu- 
phuusuds  formed  the  bulk  of  the  food,  50  %  of 
the  females  had  eaten  cephalopods. 

At  New  Amsterdam  Paulian  (1964) 
found  that  squid  was  present  in  11  of  the  12 
stomachs  he  examined  and  penguin  remains 
were  present  in  2  stomachs.  No  stomachs  con- 
tained tlsh  remains  or  cuphausiids.  Pauhan 
was  puzzled  by  the  absence  of  fish  in  the  stom- 
achs, as  fish  were  numerous  at  New  Am- 
sterdam and  had  been  reported  as  important 
food  items  of  A.  iropk  alis  at  Marion. 

According  to  ToUu  (1974),  the  main  food 
of  fur  seals  at  New  Amsterdam  between  Au- 
gust and  April  is  rockhopper  penguins,  Eu- 
dvpies  chrysocome.  For  the  remainder  of  the 
year  they  consume  mainly  squid,  fish  (especi- 
ally tazards,  Thyristes  alun)  and  octopus.  Al- 
lh(Hii:h  lobster  (Jasus  paulcnsis)  are  common 
at  the  island,  they  are  not  an  important  food 
item.  Beurois  (1975)  noted  that  the  seals  con- 
centrate on  squid  although  fish  are  abimdant 


Si'tC  ItS  AND  IIS  liCOSYSTEM 

Both  Paulian  (1964)  and  Segonzac 
(1972)  have  noted  that  A.  tropicalis  (and  A. 

i^arella)  prefer  boulder  strewn  beaches  on  the 
west  coasts  of  islands.  Paulian  first  suggested 
that  it  might  be  necessary  for  fur  seals  to  haul 
0Ut<Hl  the  exposed  side  of  islands  in  order  to 
thermoregulatc  satisfactorilv.  His  sccoiu!  sug- 
gestion was  favoured  by  Segonzac.  namely 
Uiat  the  present  populations  have  grown 
from  remnants  left  on  the  most  inaccessible 
regions  of  the  islands  after  .sealmg  activity  had 
ceased.  However,  Marsallon  (1969)  disagreed 
with  these  authors  and  considered  that  fur 
seals  at  New  Amsterdam  preferred  shores  ex- 
posed to  maximum  sunshine. 

Subjected  predators  of  A.  tropicalis 
include  sharks  and  the  killer  u  hale  {On  inns 
orca).  Although  Paulian  (1964)  noted  thai  the 
shark  Jsurus  glaucus  occurred  at  New  Amster- 
dam, he  found  no  evidence  that  it  preyed  on 
seals.  Killer  whales  at  New  Amsterdam  were 
assumed  to  prey  on  the  fur  seals  (Paulian. 
1964),  but  no  direct  observations  supporting 
that  assumption  were  made.  However,  he  did 
note  that  fur  seals  were  more  common  ashore 
and  in  the  breakers  when  killer  whales  were 
present 

Killer  whales  were  also  recorded  at  the 
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Prince  Edward  Islands  bv  van  Zinderen  Bak- 
ker  (1967).  He  noted  that  their  activity 
increased  during  the  seals*s  pupping  season, 

but  did  not  specify  whether  he  was  Feferring  to 
elephant  seals  or  fur  seals. 

Since  there  arc  no  vertebrate  scavengers 
at  New  Amsterdam  (Paulian,  1964),  foetal 
j  membranes  remain  in  the  colonv.  On  the  other 
islands  in  the  range  of  A.  iropicalis  there  are 
1   skuas  (Stercorarius  skua),  and  sheath  bills 
I  (Chionis  minor)  occur  on  the  Prince  Edward 
Islands  (Winlerbottom,  1971).  Presumably, 
these  birds  scavenge  in  the  seal  colonies,  and 
probably  also  harass  young  pups. 

Although  rockhopper  penguins  consti- 
tute part  of  the  diet  of  fur  seals  at  New  .Am- 
sterdam island,  they  exhibit  little  fear  of  the 
fur  seals  on  land  (Paulian,  1964).  Similarly,  at 
Gough  Island,  I  observed  the  apparent  disre- 
gard of  rockhopper  penguins  for  fur  seals  on 
land. 

Southern  elephant  seals  (Mirounga  leo- 

nina)  occur  on  the  same  islands  as  A.  tropicalis. 
On  New  Amsterdam  Island,  elephant  seals 
tend  to  frequent  sandy  beaches  or  beaches  on 
the  more  protected  north  coast.  Consequently, 
the  two  species  have  little  contact  with  each 
other  there  (Paulian,  1964).  On  the  few  occa- 
sions that  1  saw  elephant  seals  on  the  same 
beach  as  fur  seab  at  Gough  Island,  the  two 
gnnjps  kept  well  apart  However,  as  the  pop- 
ulation size  of  southern  fur  seals  increases, 
competition  with  elephant  seals  for  space  for 
breeding  and  hauling-oul  may  become  pfob- 
lematical. 


Odicr  factors 

Animals  taken  for  display 

No  live  Amsterdam  island  fur  seals  have 
been  taken  from  tiie  Prince  Edward  Islands  or 
from  Gough  Island  (where  Soutli  Africa 

maintains  a  weather  station)  for  display  pur- 
poses since  the  early  1960's.  Requests  for  the 
collection  of  fur  seals  (and  other  animals)  for 
display  or  research  from  the  Prince  Edward 
Islands  are  considered  hv  a  specialist  panel  on 
the  fauna  of  Antarcuca  and  the  sub-Antarctic 
islands  appointed  by  the  South  African  Scien- 
tific  Committee  for  Antarctic  Research.  Pau- 
lian (1964)  noted  that  a  small  number  of  young 
animals  was  sent  to  zoos  each  year  from  New 
Amsterdam  Island.  Three  A.  fropicaUs  that 
came  ashore  on  the  South  African  coast  near 
Port  Elizabeth  were  displayed  at  the  Port  Eli- 
zabeth Oceanarium  along  with  A.  p.  pusillus 
(GJ.B.  Ross.  pers.  comm.).  A  fourth  is  cur- 
rently on  display. 

Current  studies 

The  biology  of  A.  tropicalis  at  Marion 
and  Gough  Islands  is  currently  being  studied 
by  P.R.  Condy  and  M.N.  Bester  from  the 
Mammal  Research  Institute,  University  of 
Pretoria,  South  Africa.  Brief  notes  on  C'ondv's 
work  were  published  recently  (Anon.,  1974). 
B.  Tollu  of  the  Museum  National  d*Htstoire 
Naturelle.  Paris,  recently  studied  fur  seals  at 
French  sub-Antarctic  islands  (Tollu,  1974). 
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THE  STATUS  OF  THE  AM  ARCTIC  EUR  SEAL, 
ARCTOCEPHALUS  GAZELLA 


Bonner 


Abtlmet 

The  Antarctic  fur  seal.  Arciocephalm  ^azelhi,  is  Tound  on  islands  south  of  the  Antarctic 
Convergence  and  north  of  aboul  60  S  latitude:  South  Georgia,  with  a  major  breeding  popu- 
lation of  about  369  OOO.  and  !>mallcr  groups,  whose  state  is  not  well  known,  at  the  South 
Shetland,  South  Oricncy  and  South  Sandwich  Islands,  Bouvei  Island,  the  Kerguelen  Islands. 
Heard  Island  and  McDonald  Island  The  species  can  be  identified  hv  the  arrangement  and 
formof  Ihepostcanine  teeth.  Adult  males  and  females  average  lengths  and  weights  of  184.3  cm 
and  140.4  kg.  and  127.9  cm  and  38.2  kg.  respectively.  The  movements  and  vital  paiameleisor 
the  species  are  most!\  iinkni^w  n.  though  there  is  data  from  which  to  calculate  the  population 
dynamics  of  the  breeding  females  at  South  Georgia. 

The  Antarctic  fiir  seal  is  now  recovering  from  earlier  unoontndled  bunting  and  shows 
promise  of  attaining  its  former  abundance:  the  rapidly  expanding  stock  centred  on  South 
Georgia  may  increase  to  perhaps  1-2  million  animals,  and  Kerguelen  may  show  similar 
growth:  a  substantial  population  (perhaps  5(X)  000)  might  develop  at  the  South  Shetland,  but 
elsewhere  in  the  Atlantic  sector,  only  small  colonies  of  some  tens  of  iIi^  uvukK  uiII  develop. 
Allhoiigh  ihis  fur  seal  vields  a  high  quality  pelt  competilivciv  equal  with  that  of  the  norlhem 
fur  seal,  i  allorhinus  ursinus,  there  is  currentl)  no  commercial  har\est  of  the  species:  control- 
led expltMiation  based  on  scientific  studies  now  in  preparation  would  not  endanger  stocks, 
thiHiLih  Kuk  ot  scyreiz.ilion  ofage-classes  would  increase  harvest  costs  The  Aniarctic  fur  seal  is 
protected  by  law  over  most  of  us  range.  Krill.  Euphausia  superha,  forms  the  staple  diet  of  the 
species  at  South  Georgia:  increased  availability  of  this  food  due  to  large  reductions  of 
southern  baleen  whale  stocks  mav  be  connected  w  ith  the  rapid  increase  of  fur  seals  Con- 
versely, major  expansion  of  present  small-scale  commercial  krill  fishing  is  a  polenlially 
serious  threat  to  Antarctic  pinnipeds  and  emphaizes  the  necessity  for  inteinational  control 
beforehand.  ' 


Resum^ 

l.'citurie  :"i  t'ournire  de  I'Antarctique.  Arclnrephalus  ^azeUa.  vit  dans  les  iles  au  sud  de  la 
convergence  de  l  Antarctique  et.  au  nord.jusqu  a  environ  60'S.  On  a  en  Georgie  du  sud  une 
grosse  population  de  reproducteurs  d'environ  369  000  animaux.  et  des  groupcs  plus  petits 
doni  on  connalt  mal  feiat  dans  les  iles  Shetland  lin  sud.  les  Orcades  du  sud.  les  iles  Sandwich 
du  sud,  file  Bouvet,  les  Kerguelen,  Itle  de  fieard  et  Hie  McLX)nald.  L'espece  peut  etre 
identififo  par  Implantation  et  b  forme  des  dents  post-canines.  Les  miles  et  les  femeUes  423 
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adultes  ont  une  longueur  et  un  poids  moyena  de  184,3  cm  et  140,4  kg et  127,9 cm  et  38,2  kg, 

re&pcctivement. 

On  ne  oonnaft  pratiqunnent  rien  des  dfplacements  et  des  paramitres  biologiques  de 

ccttc  cspccc  encore  qu'il  existe  des  donnees  pcrmeiiant  de  calculer  la  dynamique  de  la 
population  <Jc  fcmelles  rcproduclriccs  en  ( ieorgic  du  sud. 

On  constate  une  reprise  de  la  population  de  Totarie  i  foumtre  aprfts  une  piriode 
d'cxploitation  incontrolc'c.  I.'cspecc  scrnhlc  devoir  rcdcvcnir  aussi  nomhreuse  que  dans  le 
pas&^;  le  stock  en  expansion  rapide  vivant  autour  de  la  Georgie  du  sud  pourrait  atleindre  un 
ou  deux  millions  d'animaux  et  Taugmentation  aux  Kerguelen  pourrait  itre  du  m£me  ordre. 
Une  population  imporianle  (pcut-ctrc  500  000  individus)  pt)urraii  sc  d^velopperaux  Shetland 
du  sud  mais  dans  le  reste  du  secteur  atlantique.  scules  se  developpcront  de  petiics  colonics  de 
quclqucs  dizaines  de  miliicrs  d'animaux.  Bien  que  cette  otarie  a  tourrurc  lournisse  une  (res 
belle  peau  qui  peut  concuttencer.  sur  le  plan  de  la  qualtti,  oeUe  dc  Callorhinm  ursinus, 
IVspece  ne  fait  acluellcriieiii  rtih|ci  d":uu-iine  exploitation  commcrcialc  I'ne  exploitation 
controlee,  fondee  sur  Ics  etudes  >>cientillques  cn  cours  ne  mcttrail  pas  Ics  stocks  en  danger; 
cependant.  {'absence  de  segregation  des  classes  d'ige  accrottrait  les  oofits  d'cxploitation. 
L'otaric  a  fourrure  de  I'Antarctique  est  pn^ieiiee  par  la  lejiislaiion  sur  presque  toutc  son  aire 
gtographique.  Le  khll  (Euphasia  superba)  constilue  le  principal  aliment  de  I'espece  cn  Geor- 
gie du  sud.  Les  dispmibiKtes  de  krill.  accrues  par  suite  de  la  nMuction  considerable  des  stocks 
mcridionaux  de  mvsticcMcs  pnurr  iicn!  ctrccn  r.)ppor(  a%  cc  r;uii:montalion  rapide  des  otaries 
a  fourrure.  Par  contre,  une  expansion  considerable  de  la  peche  coinmerciale  du  krill,  actuel- 
lemeni  pratiquee  a  petite  iehdle,  constitue  une  grave  menace  potenlielle  pour  les  pinnipMes 
de  PAntarctique  et  aouligne  la  nicessite  dtin  oontr61e  international  prealable. 

Extmeto 

£1  lobo  manno  del  \n\xkX\sao,AKiocephalusfiazella,  se  encuentra  cn  islas  situadas  al  sur 
de  la  Convergencia  Antirttcayalnortedelos6(rdelatitudsur:  ha\  una  importame  pohlactAn 
de  reproductori's.  dc  unos  369  IW)  aniniales  en  Georgia  del  Sur.  \  ^rupos  rnent)res.  cu\o 
estado  no  se  conocc  bien,  cn  la  Shetland  del  Sur,  las  Orcadas  del  Sur  >  las  Sandwich  del  Sur.  la 
Isla  Bouvet.  las  Islas  Kerguelen.  la  Isla  Heard  y  la  Isb  McDonald.  Es  posible  identificar  esta 
espedepor  la  disposicion  y  forma  delosdientespostcaninos.  La  longiiud  >  peso  medios  de  los 
machos  y  hem  bras  adullos  son  respectivamente  184.3  cm  y  140.4  kg  y  127.9  cm  y  38.2  kg.  Los 
movimientos  y  los  paramelros  vilales  de  esta  especie  son  en  su  mayor  parte  desconocidos 
aunque  sc  dispone  de  daios  para  cakular  la  dinimica  de  poblaci6n  de  las  hembras  repro- 
ductoras  de  Georgia  del  Sur. 

A.  i^azella  sc  esta  recuperando  despu^  de  una  explotaciftn  inconirolada  y  parece  que 
podni  retomar  a  su  abundancia  anterior:  la  poblacion  de  Get»rgia  del  Sur  que  csiii  aumen- 
tando  rapidamente.  podria  lieijar  qui/iis  a  l-""  niilli>nov  lic  inimalos.  \  Li  Jo  Ijv  Keri;uelen 
podria  aumcnlar  cn  forma  similar;  cn  las  Islas  Shcliand  del  Sur  podria  surgir  una  pv)blacion 
importante  (quizis  de  500  000  animales),  pero  en  el  resio  del  sector  del  Atlintico  sdk)  se 
formaran  pcquei^as  colonias  de  algunas  decenas  de  millares  Aunque  I  <;ii:clhi  produce 
pieles  de  gran  calidad,  que  pueden  compctir  con  las  del  oso  marino  septentrional  Lullorlunus 
ursinus,  en  la  actualidad  no  se  mplota  oomercialmente  esta  especie:  una  explotaci6n  contro- 
lada  basada  en  los  estudios  cientificos  actualmcnte  en  preparacion  no  representaria  una 
amenaza  para  las  poblacioncs,  aunque  la  auscncia  dc  scgrcgacion  entrc  las  diversas  clascs  dc 
edad  aumentaria  los  costos  de  explotacidn.  A.  ftazetla  esti  protegido  por  la  ley  en  la  mayor 
parte  do  su  zona  dc  distrihucion  Fl  alimento  principal  de^^.  gazelhi  cn  Georgia  del  Sur  es  el 
kriU,  tuphamia  superba;  el  aumento  dc  las  disponibilidades  de  esta  especie.  debido  a  la 
notable  di$mlnuci6n  de  las  poUaciones  de  ballenas  de  barbas  del  sur,  podria  ser  una  de  las 
causas  del  rtpido  aumenio  del  oAmero  de  lobos  marinos.  Pbr  otro  lado,  la  posibilidad  de  que 
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aumente  en  grado  importante  la  cxplotacidn  comercial  del  krill.  que  aciualmcnic  sc  hacc  a 
pequeAa  cscaia,  representa  una  grave  amenaza  paru  lus  pinnipcdos  del  Antartico  y  pone  de 
relieve  la  necesidad  de  un  control  preventive  ioiemacional. 


W.vV.  Bonnfr 

Life  Sciences  Division,  British  Antarctic  Survey,  MaJingley  Road.  Cambridge  CBJOtT, 
England 


Nomenclature 


All  the  fur  seals  that  normally  breed  on 
islands  south  ol  the  Antarctic  Convergence 
can  be  referred  to  a  single  species  Arctocepha- 
hts  gazetta  (Peters,  1875).  Bonner  (1968)  dis- 
cussed the  confusion  surrounding  the  taxo- 
nomic  status  of  this  species  but  unfortunately 
Opted  to  accept  Kuig*s  (1959  and  1959a)  deci- 
sion to  regard  A.  f^azella  as  conspecific  with  A. 
tropicalis,  and  to  adopt  the  latter  name  on 
grounds  of  priority,  the  two  populations  being 
A.  tropicalis  tropicalis^  north  of  the  Antarctic 
Convergence,  and  A  i.  ^^azc/fct  south  of  it.  It 
was  left  to  Repenning,  FVlerson  and  Hubbs 
(1971)  to  demonstrate  conclusively  that  the 
Antarctic  fur  seals  constitute  a  single  valid 
species,  A.  gazetta. 


Identification 


Adult  males: 

Nose  to  tail  length; 

172-197  cm  (x  184.3,  SD  8.46,  n  15) 

Weight:    126-160  kg 

(X  140.4,  SD  14.2,  n  4) 

Adult  females: 

Nose  to  tail  length: 

113-1 39  cm  (X  127.9,  SD  7.87,  n  21) 

Weight:    30-51  kg 

(X  38.2,  SD  5.9,  n  17) 


The  coal  coloration  has  been  fully  de- 
scribed by  Bonner  (1968).  In  the  cow  the  back 

and  sides  are  grey  to  slightly  brownsh,  almost 
russet:  the  throat  and  breast  arc  creamy.  The 
bull  is  smiilar  but  the  great  development  of  the 
mane  showing  many  white  hairs  gives  it  a  very 
grizzled  appearance.  There  is  no  variation  in 
colour  between  the  chest  and  the  back  of  the 
neck. 

A.  gazetta  is  a  medium-sized  fur  seal.  It 

may  be  readily  distiniiuishcd  from  the  only 
other  member  of  the  genus  to  share  the  same 
hauling  grounds,  A.  iropicaiis,  by  the  conspi- 
cuous nicotine-yellow  cnest  of  the  latter.  It  is 
more  difficult  to  separate  it  from  A.  ausiralis. 
which  approaches  the  range  of  A.  gazella  in 
South  America  and  the  Falkland  Islands, 
though  A.  australis  has  been  described  as  more 
timid  than  A.  gazella. 

The  species  is  instantly  recognisable 
from  a  skull  if  post-canine  teeth  are  present. 
The  maxillary  tooth  rows  diverge  posteriorly 
on  either  side  of  a  wide  palate:  there  are  dia- 
stemata  between  the  4ih  and  5th,  and  5th  and 
6th  upper  post-cantnes  and  the  very  small 
unicuspid  teeth  show  conspicuous  abrasion 
surfaces  (usually  black)  on  the  medial  side. 


Distribution  and  status  of  stocks 

The  Antarctic  fur  seal  is  found  on  islands 
south  of  the  Antarctic  Convergence  and  north 
of  about  60"S  latitude.  Major  breeding  popu- 
lations are  found  at  South  Georgia,  the  South 
Sandwich  blands  and  Bouveteya;  smaller  425 
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groups  arc  found  at  the  South  Shetland  Is- 
lands, the  South  Orkney  Islands,  fles  Ker- 
guelen  and  Heard  Island. 

Payne  (1977)  has  recently  reviewed  the 
population  increase  at  South  Georgia.  The 
sejils  mostly  occur  at  the  north-west  extremity 
of  the  main  island  and  on  some  of  the  smaller 
islands  to  the  west,  notably  Bird  Island.  In  the 
1930's  the  total  population  was  probably  of  the 
order  of  100  animals.  In  1957  Bonner  (1968) 
calculated  that  it  had  increased  to  about  15  000 
and  recent  research  indicates  a  population  of 
about  369  000  (based  on  an  annual  pup  pro- 
duction of 90  000  in  1975X 

1  n  th  e  SouUi  Sandwich  Ijdands  about  400 
fur  seals  including  some  pups  were  found  on  a 
beach  at  Visokoi  Island  in  1960  (O  Gorman, 
1961)  and  two  years  later  800-900  were  seen  at 
ihc  same  place  and  ten  pups  at  Saunders  Is- 
land (Holdgate.  1963).  Sivertsen  (1954)  esti- 
mated that  ai  Bouveteya  there  was  a  breeding 
stock  of  1  QOO^l  200  in  1927-29.  Holdgate,  Til- 
brook  and  Vaughan  (1%8)  recorded  about  500 
seals  with  an  estimated  pup  production  of 
150-180  in  1964. 

Recent  reports  of  fur  seals  in  the  South 
Shetland  Islands  date  from  1958  when 
O'Gorman  (1961)  reported  42  seals  at  Living- 
stone Island;  the  following  year  two  pups  were 
bom  at  Cape  Shireff.  Aguayo  and  Torres 
(1968)  recorded  200  fur  seals  on  Livingstone 
Island,  and  300  on  Elephant,  Cornwallls  and 
Clarence  blands  in  1966.  Breeding  occurred 
on  Elephant  and  Livingstone  Islands,  ^dcaon 
et  ai  (1971)  counted  204  on  the  northwest 
coast  of  King  George  Island  in  1970.  A  count 
in  1971  at  Cape  ShirefTgave  a  total  of  201  fur 
seals,  including  27  pups  (Laws,  1973a). 

The  first  20th  century  sighting  of  a  fur 
seal  in  the  South  Orkney  Islands  was  at  Signy 
Island  in  1947  (Laws,  1973).  Breeding  was  nrst 
recorded  at  Meier  Point.  Coronation  Island  in 
1955  and  Michelson  Island  in  1956  (0ritsland. 
1960)  and  at  Signy  Island  in  1976/77  (British 
Antarctic  Survey,  unpublished  records).  At 
least  61  pups  were  born  in  the  South  Orkneys 
in  1971.  I  hc  summer  population  however  is 
mainly  composed  of  male  seals,  and  probably 


consists  of  non-breeders  or  spent  breeders  from 
South  Georgia.  It  is  now  likely  to  be  well  over 
3  000,  as  more  than  2  (XK)  were  recorded  at 
Signy  Island  alone  in  1976/77  (British  Ant- 
arctic Survey,  unpublished  records). 

fles  Kerguelen  were  at  one  time  an  im- 
portant breeding  station  but  the  status  of  the  1 
species  there  todav  is  doubtful.  The  first  record 
there  this  century  appears  to  be  that  of  a  single 
aduh  male  in  1951  (Paulian,  1952).  Budd  and 
Downes  (1969),  reviewing  the  situation,  could 
find  no  evidence  of  breeding,  and  suggest  that 
the  increase  in  sightings  (up  to  143  in  1967) 
might  reflect  wider  seuching  by  observers  in 
recent  years. 

The  same  authors  record  increased 
sightings  of  fur  seals  at  Heard  Island.  In  1963 
there  were  up  to  500,  including  two  suckling 
pups  and  bv  1969  numbers  had  increased  to 
3  000  (Budd,  1970).  Two  years  later  he  con- 
firmed the  existence  of  breeding  fur  seals  at 
McDonald  Island,  some  38  km  west  of  Heard 
Island  (Budd.  1972). 

It  is  possible  that  A.  ^azella  was  once  the 
fur  seal  inhabiting  Macquarie  Island  (Csordas 
and  Ingham,  1965;  Faua;  1962),  though  the 
position  of  the  island  north  of  (he  Antarctic 
Convergence  makes  A.  tropicalis  a  more  likely 
candidate  for  this  role.  A  .forsteri  has  colonised 
the  island  in  this  century  following  the  exter- 
mination of  the  indigenous  seals  by  hunters  in 
the  nineteenth  century. 

Antarctic  fur  seals  leave  their  breeding 
grounds  in  the  autumn,  but  we  do  not  know 
where  they  go  to  feed  in  the  winter,  nor  wheth- 
er there  is  a  directional  migration  or  simply  a 
dispmion.  The  great  majority  of  sightings  away 
from  known  breeding  grounds  are  of  young 
males,  and  these  do  appear  to  be  more  mobile. 
However,  the  establishment  of  new  colonies 
away  from  traditional  breeding  grounds  is  cer- 
tain evidence  that  females  occasionallv  disperse 
to  new  localities.  A  colony  of  about  200  A.  ga- 
zella  breed  sympatrically  with  a  much  larger 
group  of  A.  tropicalis  at  Marion  Island. 

Reliable  figures  for  the  status  of  the  spe- 
cies are  available  only  from  South  Georgia, 
where  the  vast  majority  of  the  seals  occur.  At 
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South  Georgia,  the  South  Shellands  and  the 
South  Orkneys,  the  evidence  is  that  the  seals  are 
increasing  in  numbers  and  extending  their 
range  (Bonner,  1964,  1968;  Laws,  1973;  Payne, 
1977).  There  is  no  firm  evidence  available  from 
the  Sou  til  Sandwich  Islands,  and  sightings  Ironi 
Bouveteya  indicate  a  decline,  but  neither  these 
localities  nor  the  South  Orkney  Islands  appear 
to  have  supported  a  large  stock  of  fur  seals 
before  exploitation  by  nineteenth  century  sea- 
lers began.  This  may  be  because  conditions  are 
not  suitable  for  breeding,  either  because  of  pack 
ice  (Bonner.  1 968)  or  lack  of  protected  beaches. 

At  Kcrguelen  the  status  is  also  unknown. 
Substantial  numbers  of  breeding  seals  may 
exist,  possibly  on  the  west  coast,  and  these  may 
be  the  source  of  the  non-breeding  seals  seen  at 
Heard  Island.  The  existence  of  breeding  fur 
seals  at  McDonald  Island  mav  also  account  for 
some  of  the  anmials  at  Heard.  Whether  the 
McDonald  stock  was  a  relict  group  which  has 
recently  expanded,  or  whether  it  represents  new 
colonisation  from  elsewhere  (perhaps  Kereuel- 
en?),  cannot  be  established.  The  pres- 
ence of  a  pale^oated  motph  at  Heard  (Budd, 
1972).  similar  to  those  leooided  at  South  Geor- 
sia  (Bonner.  1958).  mav  susieest  a  common 
origin.  Heard  Island  and  McDonald  Island  do 
not  appear  to  have  been  important  breeding 
stations  prior  to  the  activities  of  the  scalers. 

The  general  picture  is  of  a  rapidly  ex- 
panding stock  centred  on  South  Georgia.  If 
conditions  remain  unchanged  this  may  be  ex- 
pected to  continue  to  increase,  perhaps  to  be- 
tween one  and  two  million  animals  (based  on 
early  sealers'  records  of  abundance).  The  South 
Georgia  stock  has  probably  supplied  recruits  to 
other  islands  of  the  Scotia  Arc  (Bonner.  1964) 
and  a  substantial  population  (perhaps  around 
half  a  million)  niignt  develop  at  the  South 
Shetlands;  elsewhere  in  the  Atlantic  sector  only 
small  colonies  (some  tens  of  thousands)  will 
develop.  In  the  Indian  Ocean  sector  Kerguelen 
may  eventually  show  a  similar  development  to 
South  Georgia,  though  the  situation  may  be 
complicated  if  the  stock  of  ^.  tropicalis  at  lies 
Crozct  and  tie  Amsterdam  increases  concur- 
rently. The  original  status  of  fur  seals  at  Ker- 


guelen is  less  well  known  than  at  South  Geor- 
gia. 

Table  1  summarises  the  numerical  data. 


Vital  parameters 

There  is  currently  (August  1977)  no 
available  life  table  for  A.  gazella.  From  made- 
quate  samples  Bkmno-  (1968)  oonduded  that 
males  entered  the  breeding  stock  at  age  6  or  7 
though  much  vounger  ones  were  potent. 
Two-year  old  females  were  found  to  be  virgin, 
but  two  three-year  old  females  were  pregnant. 
Maximum  determined  ages  are  23  for  cows  and 
14  for  bulls  (Pavne,  pers.  commun  ).  However, 
Payne  (1977)  has  provided  many  statistics  from 
which  tfie  peculation  dynamics  of  the  breeding 
cow  herd  at  South  Georgia  can  be  worked  out. 
He  determined  an  age-structure  from  a  sample 
of  195  breeding  cows  and  calculated  pregnancy 
rales  as  55  %.  at  age  3, 75  %  at  age  4,  85  %  at  age 
5  (by  which  time  the  cows  were  fully  recruited 
to  the  breeding  slock)  and  90  %  thereafter  up  to 
the  age  of  11.  He  assumed  that  the  pregnancy 
rate  would  fall  in  older  ageclasses  as  in  Cofliar- 
hinus  (North  Pacific  Vwi  Seal  Commission. 
1965).  An  annual  mortality  rate  of  7.9  *?  could 
be  applied  lo  all  age  groups  from  1  year  up- 
ward, though  this  would  tend  to  underestimate 
mortality  at  each  end  of  the  age  range.  If  al- 
lowance is  made  for  tailing  pregnancy  rates  for 
older  animals,  a  value  of  4.6%  for  annual 
mortality  of  adult  cows  is  obtained.  This  gives 
an  estimate  for  first-year  mortality  of  23.9  %. 


Food  habfts  and  reiation  to  fisheries 

Bonner  (1968)  concluded  that  the  staple 

diet  of  the  fur  seal  at  South  Georgia  was  krill. 
Euphausia  superha.  Fish  were  occasionally 
eaten,  most  often  by  juvenile  and  non-breeding 
animals.  Occasional  squid-beaks  were  recover- 
ed from  stomachs.  There  are  a  few  records  of 
seals  feeding  on  birds  but  these  are  unlikely  to 
form  a  significant  part  of  the  diet. 

The  great  reductitm  of  baleen  whales  in  427 
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t  able  I.    Review  of  slocks  of  Arclttcephalus  gazella 


Locality 

Estimated  Stock 
size 

Annual  Pup 
Production 
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Source 

Souih  Georgia 

369  000 
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Pa>-ne  1977 

(incTcasine) 

inn  '> 

Poor 
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South  SjnJ»ich  Is. 

1  IHNI  ' 

200? 
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1  OUJ  ? 

200? 

Poor 

HDldgatc.  nihrook  and  Vaughun 

South  Slietland  Is. 

1000 

200? 

Poor 

O'Gofman  1961 
Aniayo  and  Torres  1968 
Enckson  et  at.  1970 
Laws  i973a 

IK".  Kt.TL.Miflcn 

t 

t 

McaitJ  Inland 

3  000 

0 

Budd  and  U>\\ncs  l%9 

Mmt.'  HwciiinnicdiiacliBZHluivaiii! 


i  givfii  in  ihc  MNwecs  dud. 


southern  waters  may  have  resulted  in  increased 
avaUability  of  food  for  other  krill-eating  species 
(Sladcn.  1964).  and  l  aws  ( 1973a)  connected  the 
rapid  increase  of  fur  seals  with  this.  Although 
factory  fidimg  for  stocks  of  sub-adult  and  adult 
Notothenia  rossii  is  carried  on  by  Russian 
trawlers  at  both  flcs  Kerguelen  and  South 
Georgia  (where  240  000  tons  were  taken  in  one 
season)  no  oomplaints  of  the  effects  of  fur  seals 
on  this  fishing  have  been  recorded.  It  may  be 
noted  here  that  A.  pusillus  is  regarded  as  a  se- 
rious threat  b^  fishermen  oil  South  Alhca. 

A  major  expansion  of  commercial 
krill-fishing  could  have  disastrous  efTccts  on  fur 
seals  (and  on  much  other  Antarctic  manne  life) 
but  at  the  present  krill-fishing  is  a  small-scale 
operation  oiily. 


Economic  value 

There  is  currently  no  commercial  exploi- 
tation oi  A.  gazella  (though  Prevost,  quoted  in 
Laws,  1973,  suggests  that  some  poaching  may 
go  on  at  Kerguelen).  The  Antarctic  fur  seal 
yields  a  high-quality  pelt,  significantly  better 
than  that  from  A.  pusillus  or  A.  austraiis,  which 
could  compete  on  equal  terms  with  that  of  the 


nordiem  fur  seal,  Callorhinus  ursinus.  The  po- 
lygynous  nature  of  the  seals  would  allow  the 

cropping  of  a  large  proportion  of  the  voung 
males  without  detriment  to  the  reproductive 
potential  of  the  stodc.  However,  the  age  classes 
are  not  segregated,  as  they  are  in  the  northern 
fur  seal,  and  the  labour  required  to  collect  the 
skins  would  therefore  be  very  much  greater 
than  fai  the  Pribilofs.  For  the  same  reason  the 
profit  from  the  carcasses  would  be  small  and  it 
uould  probably  never  be  economic  to  collect 
them  for  processing. 


Conservation  legislation 

Fur  seals  are  protected  in  South  Georgia 
and  the  South  Sandwich  Islands  bv  the  Falk- 
land Islands  Dependencies  Conservation  Or- 
dinance which  prohibits  the  taking  of  native 
mammals  except  under  permit.  Permits  can  be 
issued  for.  inter  alia,  regulating  the  manage- 
ment and  use  of  hving  resources,  but  none  have 
SO  far  been  issued  for  this  purpose  (nor  were 
any  licences  granted  under  the  earlier  Seal  Fi- 
shery Ordinance  to  take  fur  seals  commerci- 
ally). 

The  taking  of  fiir  seals  is  banned  by 


Copyrighted  material 


THE  ANTARCTIC  FUR  SEAL 


Norway  at  Bouveteya  and  by  France  at  Ker- 
guelcn,  but  it  would  seem  that  enforcement  is 
not  practicable  at  either  place.  Bouvetoya  how- 
ever is  so  remote  ;ind  the  stock  of  seals  there 
so  small  that  organised  poaching  is  not  likely. 

South  of  60°S  the  Antarctic  Treaty  and 
the  "Convention  for  the  Conservation  of  Ant- 
arctic Seals  prohibit  the  taking  of  fur  seals  on 
land  or  at  sea  (or  on  pack  ice),  by  signatory 
natioiis,  which  include  those  likely  to  develop 
the  technology  of  sealing. 

Conclusions 

The  Antarctic  fur  seal  affords  a  happy 
example  of  a  mammal,  once  numerous  then 


almost  exterminated  by  uncontrolled  hunting, 
which  is  now  recovering  rapidly  and  shows 
every  promise  of  regaining  its  former  status. 
Existing  cdnservation  legislation  is  ailequate 
and  does  not  need  to  be  lightened  up,  except 
perhaps  at  Kerguelen.  Controlled  exploitation 
would  not  endanger  the  slocks  and  current 
work  on  population  dynamies  (Pasne.  1977. 
1978)  will  provide  the  proper  scientific  basis 
for  rational  harvesting  should  this  ever  be 
contemplated.  A  serious  potential  threat 
would  be  human  competition  for  krill  and.  as 
with  the  Antarctic  phocids,  penguins,  etc.,  this 
emphasises  the  necessity  for  international  a- 
greement  and  control  before  any  proposed 
major  exploitation  of  this      speaes  occurs. 
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THE  DISTRIBUTION  AND  ABUNDANCE  OF  SEALS 
IN  THE  AUSTRALASIAN  REGION, 

WITH  SUMMARIES  OF  BIOLOGY  AND  CURRENT  RESEARCH 


R.M.  Warneke 


This  paper  is  a  broad  summary  oi'  pinnipeds  resident  in  the  waters  of  Australia  and  New 
Zealand:  Australian  fur  seal.  Arctocephatus  pusiltus  thrifitnis:  New  Zealand  fVir  seal.  A. 
fnrsicri.  '\uslralian  >>ca  lion,  Neophocd  cincrca:  New  Zealand  sea  lion,  Phoatrcms  hnnki'ri:  and 
southern  elephant  seal,  Mirounga  leomna.  All  5  species  were  subjected  to  a  long  period  of 
unregulated,  geographically  expanding  exploitation,  both  colonial  and  foreign,  resulting  in 
disastrous  reduction*-  of  hreedins:  stocks  and  extremeh  slow  rceinen, .  Total  protection  was 
given  to  seals  in  New  Zealand,  Western  Australia  and  Victoria  in  the  early  1890s,  although  a 
few  seasonal  harvests  were  allowed  up  to  1925  and  harvests  were  conducted  in  New  Zealand 
and  Victoria  in  the  mid  forties  in  response  to  complaints  by  fishermen.  As  far  as  is  know  n. 
seals  have  not  been  taken  elsewhere  in  Australia  for  commercial  purposes  or  coniroi  for  at 
least  SO  years. 

Data  on  the  recent  and  historical  distribution  of  each  species,  with  reference  lo  breeding 
state  and  past  exploitation,  is  appended  lo  the  report.  Information  on  reproductive  biology 
and  behaviour,  movements  and  mortality  is  given  when  available.  A.  p.  doriferus  is  found  from 
.Seal  Rocks.  New  South  Wales  (32'28'S.  152  .Wl  ).  lo  southern  Tasmania  (4.^  5 I  S)  and 
throughout  Bass  Strait  to  a  western  limit  of  Lady  Julia  Percy  Island  ( 142  00' B).  More  than  2/3 
of  the  present  population  ofabout  20  OtK)  animals  is  omcentratcd  at  3  sites  in  Bass  Strait  and. 
in  general,  the  species  does  not  appear  to  be  increasing  in  numbers,  A.  forsieri  is  found  in 
separate  Australian  and  New  Zealand  populations:  the  species  is  widely  distributed  hut  not 
common  along  southern  Australia  from  about  II7'  K  to  I36"E  with  occasional  stragglers  to 
about  I4S*E  in  Bass  Strait.  Before  exploitation,  its  range  extended  to  the  Fumeaux  Group: 
however,  the  present  Australian  popul.iiion  is  not  increasing  significantlv  and  recoloni/ation 
of  this  and  adjacent  vacant  areas  in  the  foreseeable  future  seems  unlikely.  In  New  Zealand.  A. 
/brsteri  is  increasing  throughout  its  range:  breeding  colonies  are  found  along  the  south  and 
southw  est  coasts  of  Sciuih  Island  w  ith  non-breedinj;  colonics  distributed  north  to  Three  Kings 
Islands;  substantial  populations  ( I  000  or  more)  are  found  on  Chatham.  Solanderand  Stewart 
blands  and  on  adjacent  sub>Antarctic  islands.  The  present  estimated  population  of  about 
40000  animals  should  be  able  to  expand  substantially,  especially  on  remote  islands.  The 
biology  of  these  2  fur  seals  is  generally  similar;  however.  Iheir  breeding  seasons  do  not 
coincide  and  mailced  behavioural  difTerences  are  evident. 

Although  A',  cinerea  is  the  most  w  idely  distributed  of  Australian  pinnipeds  breeding 
t  l  oin  I  loutmann's  Abrolhos  (28"S)  to  ICangaroo  Island  ( I38"E)  ~  it  i<k  nowhere  abundant  and 
the  present  total  population  is  probably  between  3  000  and  5  000  animals.  The  species  has  a 
rclativelv  mild  fixation  lo  inhabiieii  sites,  often  isolated  island^  ir  n;,o.  [i,iiurall\  coni:rc- 
gaie  in  only  small  numbers  as  well;  it  is  the  only  Australasian  pinniped  with  no  fixed  breedmg     43 1 
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season.  The  main  population  of  P.  hookeri,  estimated  to  be  between  3  000  and  3  500  animals. 
vi  centred  on  several  of  the  small  islands  or  the  Auckland  Group:  these,  together  with  small 
groups  on  Campbell  Island  und  the  Snares  and  some  wide-ranging  males,  Torm  a  loial 
population  of  porhaps  4  mo.  Onlv  the  general  outline  of  these  sea  lions'  hici!(ii}v  is  known. 

In  the  Auslrala.Man  region,  M.  leonina  is  centred  on  Macquanc  island,  w  here  ihc  ct)lony 
is  now  stable  at  its  maximum  sustainable  level  of  about  95  000  animab  before  whelping:  a 
small  but  thriving  breeding  colonv,  including  at  least  300  females,  is  present  on  C'aniphell 
Island.  I  he  specie^i  ranges  widely  and  regularly  visits  Antipodes  and  Auckland  Islands  and  the 
Snares;  eventual  reootonization  of  more  northern  sites,  especially  in  western  Bass  Strait,  is  a 
possibility.  Long-term  life  histor\  studies  of  this  species  hiwx  \ielded  a  good  undcrst.nu'iru-  of 
lis  biology.  Of  all  the  Au&lralasian  seals,  only  M.  konma  could  presently  support  commercial 
exploitation  on  a  sustained-yield  basis,  offering  2  population  surpluses  at  Macquarie  Island: 
harvesting  of  weaned  pups  appears  safe  from  both  numerical  and  behavioural  standpoints 
while  the  taking  of  surplus  males  at  maximum  weight  presents  difficulties,  with  possible 
disruption  of  reproduction  activities. 

Data  <^n  food,  feeding  and  cITccLs  on  fisheries  are  presented,  though  information  is  not 
complete  for  all  species.  In  general,  cephalopods  and  fish  (especially  barracouta,  Thyrsiies  for 
the  fur  seals)  are  reported  as  the  important  food  items.  Crustaceans  are  also  reported  as  main 
food  items  of  P.  hookeri  and  M.  leonina.  and  penguins  and  sea  birds  are  eaten  by  seals  in  some 
cases.  Chairges  by  fishermen  of  drastic  reductions  of  commercially  valuable  ftsh  stocks  by 
pinnipeds  are  unsubstantiated.  However,  individual  Australian  fur  seals  do  cause  sporadic 
direct  interference  to  sedentary  mesh  fisheries  in  Port  Phillip  and  Westernport  Bays,  Victoria, 
and  prompt  destruction  of  the  ofTcnding  seal  is  the  onlv  effective  remedy:  immature  seals  of 
the  same  species  also  drown  in  nets  and  traps  and  are  shot  hv  fishermen.  In  general,  other 
spcdes  do  not  (Kcur  in  sufTleient  numbers  near  fishing  grounds  to  be  considered  pests. 

The  colonies  of  .-1.  /)  ilnrtfcrus  at  Seal  Rt>cks.  Phillip  IsLmd.  ami  of  V  vincrvti  in  South 
Australia,  are  important  tourist  attractions;  the  general  inaccessibility  or  remoteness  or  both 
of  the  other  resident  species  has  jMevented  their  use  as  a  tourist  resource.  A.  p.  doriferus.  N. 
vinvn-a  and  KitoK  \t  Icnnina  aic  succesiAilly  exhibited  in  Australia.  Recent  and  ongoing 
research  issumnian/ed. 

Rinuni 

La  presente  communication  donnc  unc  recapitulation  generalc  dcs  pmnipedes  vivanl 
dans  les  eaux  territoriales  d'Australie  et  de  Nouvelle-Z^lande  l  ot  ine  a  foumire  australe. 
Arctnccphalus  pusillut  doriferus:  Totarie  a  fourrure  de  N(^uvelle-/elande.  (  for'^icri:  Tolarie 
d'Australie,  Neophoca  cinerea.  I'otane  de  Nouvelle-Zelande,  PhiKorctos  hooken  et  l  elephani 
de  mer  austral,  Mtrmmpt  leonina.  Ces  cinq  esptees  ont  fait  Pobjet,  pendant  longtemps.  d*une 
exploitation  cfTrt^nde,  coloniale  et  ^trang^re,  s'^tendant  sur  une  aire  geographiquc  en  expan- 
sion, qui  a  entraine  une  reduction  cataslrophiquc  dcs  slocks  de  rcproducieurs  ainsi  qu'une 
grande  lenteur  de  la  reprise.  Les  pinnipMes  de  Nouvelle-Zelande.  (TAustralie-Occidentale  et 
de  Victoria  ont  fait  I'ohiel  d'unc  rn  iection  lotale  au  debut  des  anntJes  1890.  ('epen<lant. 
quelques  campagnes  ont  eie  autorisees  jusqu'en  1925  et  des  animaux  ont  ete  abaltus  en 
Nouvelie-Ztiande  et  dans  l*Etat  de  Victoria  au  milieu  des  annies  40  it  la  suite  de  revendica- 

tions  dcs  pechcurs;  pour  .lul.int  que  I'on  sachc.  aueun  phoque  n'a  ete  capture  dans  uncautic 
region  d'AustraUe  a  des  tins  commerciales  ou  de  controlc  depuis  au  moms  50  ans. 

Les  donn^es  sur  la  distribution  rteente  et  historique  de  chaque  esptee,  notamment  pour 
ce  qui  concerne  Tetat  de  la  reproduction  et  Pexploitation  passec.  sont  jointes  au  rapport.  Dcs 
informations  sont  donndes  sur  la  biologic  de  la  reproduction  et  sur  le  comportement  corres- 
pondant,  les  diplacements  et  la  mortality  chaque  fois  qu'on  en  a  dispos6.  On  trouve  A.  p. 
doriferus  depuis  Seals  Rocks  (Nouvelle-Galles  du  Sud)  (32"28'S-I52"33'E)  jusqu'a  la  Tasma- 
432    nic  miridionale  (43''5rS)  et  dans  tout  le  detroit  de  Bass  jusqu'i  une  limite  occtdentale 
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representee  par  Itlc  dc  l  ady  Julia  Percy  (  I42"F)  Plus  des  deux  tiers  dc  la  population  actuelle 
d'cnviron  20  000  unimaux  sont  localises  dans  irois  sites  du  d^iroit  de  Bass  cL,  dans  rcnscmble, 
il  ne  semble  pas  que  cede  esptee  aagmente  en  nombie.  A.  farsteri  existe  sous  forme  de 
populations  distinctcs.  austraiicnnc  ct  noo-zelandaise:  cettc  cspccc  <xxupe  une  aire  geogra- 
phiquc  vastc  mais  n'csl  pas  ir^s  commune;  on  la  trouve  depuis  ie  sud  de  I'Australie  (environ 
I ITE)  jusqu'i  t36*E.  avec  des  specimens  tsol^s  jusqu'ik  MST  dans  Ie  d^trott  de  Baas.  Avant 
Pexploitation.  I'espece  arrivait  jusqu'au  croupe  dc  Fumeaux.  Toutefois.  la  populatioil  attS- 
tralienne  actuelle  n'augjnente  pas  sensihiement  et  une  recolonisation  de  cette  rigion  ct  des 
antres  aim  vaomtes  i^acentes  semble  peu  probable  dans  un  avenir  prodie.  En  Noovel- 
le*Z61ande,  A.foraeri  est  cn  augmentation  dans  toute  son  aire  gcographique;  des  colonies  de 
reproducteurs existent  Ie  long  des  cotes  sud-esi  et  sud-oucst  de  I'lle  du  Sud:  la  distribution  des 
colonies  de  non-reproducteurs  atteint  Ics  iles  Three  Kings  au  nord;  des  populations  impor- 
tan  ICS  ( 1  000  individus  ou  davantage)  existent  sur  les  ilcs  Chatham,  Solander  et  Stewart  et  snr 
les  lies  subantarctiques  voisines.  I. a  population  actuelle,  evaluee  a  environ  40  000  animaux, 
dcvrait  eire  en  mesurc  de  cruiirc  scnsiblcnieni,  surtoul  sur  ks  iles  eloignecs.  Dans  I  cnsemble, 
la  bidogie  de  ces  deux  otaries  est  comparable  mais  leurs  saisons  de  reproduction  ne  cohiddent 
pas  et  des  difTerences  do  comportement  marquees  sont  evidentes. 

Bien  que  N.  cinerea  suit  Ie  pinnip^dc  australien  dont  la  distribution  est  la  plus  vuste  (son 
aire  de  reproduction  s*^end  depuis  Houtman's  Abrolhos  (28^)  jusqu*!  nie  Kangaroo  (13S^) 
on  ne  Ie  trouve  nullc  part  cn  abondaru  e  ct  la  population  totale  actuelle  est  probablcment  de 
3  000-5  000  animaux.  L'espece  se  I'lxe  relaiivement  peu  dans  les  lieux  habites,  souvent  dans 
des  fles  isoKes.  et  peut  aussi  bien  ne  se  rassembler  naturdlement  qu'cn  petit  nombre.  Cest  Ie 
scul  pinnipede  australien  nc  possedant  pas  de  saison  dc  reproduction  fixe  I  a  principale 
population  de  /'.  hovkeri,  que  Ton  estimc  i  3  000-3  500  animaux,  a  son  centre  sur  plusieurs 
petites  lies  du  groupe  d'Auckland:  avec  des  petits  groupes  de  File  Campbell  et  des  Snares  et 
quclques  males  se  depla(,-ant  au  loin.  lechifTre  total  dc  la  population  atteint  peut-ttre  4 000 
sujets.  On  ne  connait  que  les  generalit^s  de  la  bioloeic  dc  ccs  otaries. 

En  Australasic,  M.  leonina  a  son  centre  de  pcupicment  sur  Hie  de  Maoquarie,  oil  la 
colonic  a  atteint  son  niveau  eumitrique  d*environ  95  000  animaux  avant  parturition  et  s*y 

maintieni:  une  petite  colon  ie  en  plein  essorl.  comportant  au  moins  300  femelles.  existe  a  llle 
Campbell.  L'esp^  a  une  aire  Irds  vastc  ct  visite  regulidrcmcnt  les  ilcs  Antipodes  el  Auckland 
ainsi  que  les  Snares.  Une  recolonisation  eventuelle  des  sites  les  plus  septcntrionaux.  nolam- 
ment  i  I'ouesi  du  ditroit  de  Bass,  n'est  pas  improbable.  Des  ^udes  prolong^es  sur  Ie  cyde 
biologique  de  cette  espece  ont  pcrmis  d'avoir  une  bonne  connaissancc  dc  sa  biologic  He  tous 
les  pinnipedes  d'Australasie.  seul  M.  leonina  pourrait  actuellement  supporter  une  exploitation 
commerciale  sur  une  base  eumitrique,  du  fait  qu'il  existe  deux  excedents  de  population  sur 
Pile  Macquaric;  la  capture  de  nouvcau-ncs  scvn-s  st  inble  pouvoir  se  ("aire  sans  difllcultc.  tani 
du  point  de  vue  numerique  que  du  comportemciu.  Par  contre.  la  capture  des  males  exceden- 
taires  ayant  atteint  leur  poids  maximal  pnfatente  des  diflicultts,  avec  la  possible  interruption 
des  activites  dc  reproduction 

Des  dunn^es  sur  Talimentation,  la  nourriture  et  les  incidences  sur  les  peches  sont 
prisenties.  bien  que  les  informations  ne  soient  pas  completes  pour  toutes  les  espices.  On 
signale  qu'cn  general,  la  principale  nourriture  est  univtiliicc  dc  ccphalopodcs  cl  dc  poi.vsons 
(notamment.  Thyrsites  pour  les  otaries  a  fourrure).  On  signale  aussi  que  les  crustac^s  consti- 
tuent les  principaux  aliments  de  P.  Hookerf  et  M.  leonina  et  que  les  pinntpMes  mangent  h 
I'occasion  des  manchots  ct  des  oiseaux  dc  mer.  Les  assertions  des  pcchcurs,  scion  lesquelles  les 
pinnipedes  provoqueraient  une  reduction  considerable  des  stocks  de  poissons  ayant  une 
importance  commerciale,  sont  sans  fondement.  Cependant,  tl  est  exact  que  des  otaries  i 
I'ourrurc  australicnncs  :s>i1ll\  intcrft^rcnt  dircclcnicnt  ci  sporadiquement  avec  ic^  pcchcrics  au 
nicl  fixe  des  haics  ilc  Port  Phillip  et  de  Wcstcmport  (btat  de  Victoria)  et  qu'une  destruction 
immediate  du  pmmpede  en  cause  semble  Ie  seul  reroMe  efficaoe.  Des  sujets  immatuies  de  la 
m£me  esploese  noient  aussi  dans  les  filets  et  les  piigesou  sont  tofe  au  fiisU  par  les  pCdieuis.  433 
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Dans  I'cnscmhic,  les  autres  especes  ne  sont  pas  assez  iKMnbrcuses  ft  proximity  des  foildsde 
p£che  pour  etre  considerees  comme  unc  nuisance. 

Les  colonies  de  A.  p.  dorifena  de  Seab  Rocks,  de  nie  Phillip  et  de  N.  einerea  en 
Australie-M^ridionale  constituent  dcs  attractions  touristiques  importantes.  I.c  fail  que  les 
autres  csptees  r^sidentes  soient  en  ginirsA  trop  inacccssihies  ou  trop  iloignies  a  fait  obstacle  i 
leur  utilisation  en  tant  qu'attraction  touristique.  A.  p.  doriferus,  N.  cinena  et,  vteemment,  M. 
leonina  oni  iti  exUMs  avec  succis  en  Aiutralie.  Les  recherchcs  rtcentes  et  en  coun  lont 
r6capitul£es. 

Extracto 

En  cstc  documcniu  se  trala  cn  general  dc  lu!>  pinnipcdos  que  viven  en  las  aguas 
lerritoriales  de  Australia  y  Nneva  2>elandia:  lobo  marino  de  dos  pelos  de  Australia.  Areto- 

cephalus  pusillus  doriferus;  lobo  marine  de  dos  pelos  de  Nueva  Zelandia.  A.  forstcri:  Ie6n 
marino  de  Australia,  Neophoca  einerea;  Icon  marino  de  Nueva  Zelandia,  Phocarcios  hookeri, 
y  elefante  marino  del  sur,  Mirounga  leonina.  Las  cinco  especies  ban  sido  objeto  de  explotacibn 
por  parte  de  los  colonizadores  y  de  cazadores  extranjeros  durante  largo  tiempo,  sin  regula- 
donesy  en  un  ambito  geogrdfico  eada  ve/  mds  vas(o.  lo  que  ha  determinado  una  desastro<«i 
disminucion  de  las  poblacioncs  dc  rcproduclorcs.  que  csuin  rccuperandose  con  gran  lentitud. 
En  Nueva  Zelandia,  Australia  oceidental  y  Victoria  los  pinnipedos  estin  toiabnente  protegi- 
dos  desdc  principios  del  Jccenio  I8')0.  aiinque  hasta  1925  se  pLTmi(it'>  a  voces  su  cxplolacion 
estuciunal  y  a  mcdiudos  de  lo^  anos  cuarcnia  se  hicicron  algunas  cxpedicioncs  de  caza  en 
Nueva  Zelandia  y  Victoria  para  atender  a  las  quejas  de  los  pescadores.  A  juzgar  por  los  datos 
disponihics.  en  olras  /onas  de  Australia  se  capturan  pinnlpedos  COn  fines  comerdales  O 
para  limitar  las  poblaciones  desde  hace  al  ntenos  50  ai^os. 

En  ap^ndice  a  este  informe  se  dan  datos  sobre  la  distribucidn  de  cada  una  de  las  especies 
en  los  ultimos  tiempos  y  en  el  pasado  teniendo  en  cuenta  su  situacion  desde  el  punio  de  vista 
de  la  reproduccion  y  la  explotacion  dc  que  han  sido  objeto  cn  el  pasado.  Cuando  se  dispone  de 
datos,  se  da  lambkhi  informadOn  sobre  la  biologia  reproductiva,  el  componamiento,  los 
desplazamienlos  y  la  mortalidad  A  p  dorifcrwi  se  encuentra  desde  Seal  RtKks,  cn  Nueva 
Gales  del  Sur  (32"28'S,  152°33'Ej,  hasta  cl  sur  de  1  asmania  (43  5rS),  y  a  traves  del  Estrecho 
de  Bass  hasta  el  extremo  occidental  de  la  Isia  de  Lady  Julia  Percy  (142'00'E).  Mis  de  dos 
tereios  Je  la  ptiblacicSn  actual,  cuyo  total  asciendc  a  iinns  20  000  animalcs.  se  concenlran  en 
tres  zonas  del  kstrecho  de  Bass,  y,  en  general,  no  parece  que  el  numero  dc  animalcs  dc  csia 
espede  vaya  en  aumento.  De  A.  forsteri  existen  pobladones  separadas  en  Australia  y  Nueva 
Zelandia;  esia  especie  esta  muy  exiendida.  aunque  no  es  comun.  a  lo  largo  del  sur  dc 
Australia,  desde  los  1 1 7"£  hasta  los  1 36'  E,  encontrdndo&e  en  ocasiones  animalcs  disperses  hasta 
oeica  de  los  I4S^,  en  el  Estrecho  de  Bass.  Antes  de  que  oomenzara  la  explotad6n,  su  zona  de 
distribud6n  se  extendia  hasta  el  Archipiilago  Fumeaux,  pero  la  poblacion  actual  de  Australia 
no  esti  aumcntando  en  forma  significativa  y  no  parece  probable  que  recolonice  en  un 
proximo  future  esta  y  otras  zonas  adyacenles.  aclualmente  vaclas.  En  Nueva  Zelandia.  en 
cambio.  A.forsicn  va  en  aumento  en  toda  su  zona  de  distribuci6n:  se  encuentran  colonias  de 
reproductoresa  lo  lar^o  de  las  coslas  meridionales  v  sudcxrcidcntalcs  de  la  Isia  Meridi<'nal.  con 
colonias  dc  animales  no  reproductores  al  norte  de  las  Islas  Tres  Reyes;  se  encuentran  tamhien 
pi  'bl  K  utnes  importantes  (1  000  o  mas)  en  las  Islas  Chatham,  Solandery  Stewart,  y  en  algunas 
islas  subanlarticas  advacentes.  l  a  poblacion  actual  se  estima  en  unos  40  (KM)  animales,  v 
probablemcnie  podra  aunieniar  susiancialnienle,  especialmenle  en  las  islas  rcmotas.  La 
biologia  de  estos  dos  lobos  marinos  es  en  general  similar,  aunque  las  temporadas  de  crla  no 
coinciden  y  existen  claras  diferencias  de  com  porta  m  lento 

N.  cinerca  es  el  pinnipedo  con  ambito  mas  vasio  de  dtsinbucion  en  Au.slralia  desde  el 
Archipiilago  Pelsart,  en  Houtman's  Abrolhos  (28'SX  hasta  la  Isia  Kangaroo  (I38*E)  -  pero  en 
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5  000  animalcs.  I. a  cspccic  manitlcsla  iin  apct'i^  rclativ amerilL"  moderadu  a  las  /onas  que 
habita,  con  frecuencia  isias  utsiadas,  y  puede  encontrarsc  lambien  en  grupob  naturales  for- 
mados  por  un  pequeAo  nAmero  de  animates;  es  el  finico  pinnipedo  australiano  que  no  tiene 
una  tcmporada  fija  dc  reproduction.  I. a  pohlacion  principal  dc  P  himkeri,  calculada  cn  unos 
3  000-3  500  animales.  se  cncuentra  en  lorno  a  vanas  de  las  pequenas  islas  del  Archipielago  de 
las  Audcland:  este  grupo.  junio  con  otros  pequeAos  grupos  de  la  Isia  Campbell  y  de  las  Snares 
\  algunos  machos  que  recorren  grandes  distancias.  forman  una  pohlacion  tolal  del  orden 
quizas  de  4  000  anunaies.  S61o  se  conocen  algunos  elementos  generates  de  la  biologia  de  estos 
teones  marinas. 

En  ia  region  dc  Ausiralasia.  M.  leonina  se  encuenira  en  (omo  a  la  Isia  Macquarie.  cuya 
colonia  cs  cn  la  actualidad  cMablc.  cn  tomo  a  cifras  equivalcnics  al  nivel  m^ximo  sosCcnibIc 
(unos  95  000  animalcs  antes  dc  la  reproducci6n):  cn  la  Isia  Campbell  se  encuenira  una  colonia 
de  reproductores,  pequeiHa  peiofloreciente.  que  cuenta  al  mcnos  con  300  hemhras.  La  zona  de 
dislribuci6n  de  esta  especie  es  muy  vasta:  visitan  reguiarmenle  las  Islas  Antipodas  y  Auckland 
y  las  Snares  y  es  posible  que  Uegoen  a  recolonizar  algunas  zonas  situadas  mds  al  none, 
especialmente aloeste del Estrechode  Bass.  Los estudios  a  largo  pla/o  que  >>c  han  hechosobrc 
el  cicio  vital  dc  csia  especie  han  permiiido  conocer  hien  su  bioloLMa  Dc  i(>do>  los  pinnipcdos 
de  Australasia,  solo  M.  kunina  pcnlna  sostcncr  cn  la  aclualidad  una  cxplolacion  comcrcial  con 
rendimiento  sosienido,  apiovechando  los  dos  tipos  de  animales  excedentarios  en  la  Isia 
Macquarie:  la  captura  de  cachorros  destctadns  no  parcce  eniranar  ningun  pclisro.  a  juzgar 
por  su  niimero  y  por  el  coniportamiento  de  la  especie,  pero  la  captura  de  los  machos 
excedentarios  en  el  momento  en  que  alcanzan  su  peso  mibcimo  plantea  algunas  dificultades,  y 
pudiera  detcrminar  alteraciones  de  las  actividades  reproductivas. 

Sc  prcscnian  datos  subrc  los  alimentos  de  esos  pinnlpedos  y  los  ctccios  que  su  alimen- 
tacidn  tiene  en  las  pcsquerias.  aunque  no  se  dispone  de  informaciftn  oomplcia  para  todas  las 
especies.  En  general,  los  alimentos  mas  importantes  son  cefaiopodos  \  peces  (espeeialmenle 
barracuda,  Thyrsites,  en  el  caso  de  los  lobos  mannos  de  di>s  pelos).  l  ambit^n  los  crusiaceos  son 
alimentos  tmponantes  de  P.  hookeri  y  M.  leonina  y  en  algunos  casos  los  puimpcdos  com  en 
pinguinos  y  aves  marinas.  Las  acusaciones  de  los  pescadores  de  que  las  especies  de  pinnipedos 
que  se  encuentrao  en  las  zonas  de  pesca  reducen  radicalmenie  algunas  poblaciones  de  peces 
arnierdalinente  valtosos  no  se  han  piobado.  Sin  embaigo,  algunos  lobos  marinos  de  AuAralia 
inteifteren  a  veces  con  las  pesqunlas  de  redes  de  enmalle  en  las  Bahias  de  Port  Phillip  y 
Westemport  (Victoria),  y  cl  iinico  rcmcdio  eficaz  es  acabar  inmcdiatamenle  con  los  animalcs 
quecausan  daAos;  algunos  lobos  inmaduros  de  la  misma  especie  perecen  ahogados  en  redes  y 
trampas  o  soo  raucitos  a  tinw  par  los  pescadores.  Las  dcm^  especies,  en  general,  no  se 
encuentran  cerca  de  los  caladeros  en  niimero  suficiente  para  considerarlas  perjudiciales. 

Las  colonias  dc  A.  p.  duriferus  de  Seal  Rocks,  en  la  Isia  Phillip,  y  las  de  A.  dnerea  de 
Australia  MeridionaL  ofrecen  un  importante  atractivo  para  el  turismo.  La  dificultad  general 
de  acccso  \'o  la  Icjania  de  las  ileni;is  especies  ha  impcdido  su  ripnnechamiento  para  el 
turismo.  A. p.  dunjerus,  A.  cinereay  ultimamcntc  M.  leonina^  exhibcn  con  exito  en  Australia. 
Se  resnmen  las  investigaciones  recientes  y  en  curso. 


R.M.  Wameke 

Arthur  Rylah  Jnsiiluie  for  Environmental  Research,  J 23  Brown  Street,  Heidelberg,  Victoria 
3084,  Australia 
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Scope  off  the  report 


This  report  summarizes  both  historical 
and  recent  data  on  the  distribution  and  status 
of  seals  in  the  territorial  waters  ol^  Australia 
and  New  Zealand.  Its  geographical  scope  is 
therefore  limited  to  the  coastline  of  Australia, 
Tasmania  and  adjacent  islands;  New  Zealand, 
Antipodes  I.,  Auckland  Is.,  Bounty  Is.,  Camp- 
bell I.,  Chatham  Is.,  Snares  Is.,  Solander  I.  and 
Stewart  I.  Although  Macquarie  I.  is  an  Aus- 
tralian territory  under  the  direct  jurisdiction  of 
Tasmania,  it  is  geographically  and  biologically 
part  of  New  Zealand's  sub-Antarctic  group, 
and  I  have  treated  it  as  such. 

A  brief  summary  of  European  exploita- 
tion of  seals  in  the  region  is  also  mcluded;  data 
on  the  biology  and  population  dynamics  of 
each  species,  where  these  are  available;  food, 
feeding  and  elTects  on  fisheries;  references  to 
recent  and  on-going  research,  and  a  comment 
on  aesthetics. 

Sources  of  information  include  publish- 
ed material,  museum  records,  unpublished 
data  from  reseaidi  woikeis,  the  flks  of  vanous 
government  agencies  concerned  with  wildltfe 
and  fisheries,  professional  fishermen,  and  my 
own  field  observations.  My  review  of  the  hte- 
rature  is  by  no  means  complete,  and  is  especi- 
ally meagre  as  far  as  precise  historical  records 
are  concerned.  This  is  due  largely  to  the  un- 
certamty  of  inlerpreiing  early  accounts  of  fur 
scab  in  south  eastern  Australian  waters  ac- 
cording to  current  species  concepts.  However 
where  sites  are  currently  occupied  1  have  as- 
sumed conspecificity  of  historical  and  recent 
(post  1945)  records,  unless  there  is  evidence  to 
the  contrary  .  I  have  for  the  most  part  accepted 
authors*  identification  of  species. 

Data  on  distribution  (see  appendices) 
have  been  grouped  by  locality,  in  alphabetic 
listing  for  each  territorial  entity,  i.e.  the  two 
main  islands  comprising  New  Zealand  and  the 
associated  islands  to  the  south  and  southeast, 
including  Macquarie  I.,  and  separately  for 
each  Australian  State. 

The  status  of  each  existing  colony  has 


been  defined  in  terms  of  the  most  recent  esti- 
mate of  numbers,  if  one  is  available,  and 
whether  breeding  is  known  to  occur,  does  not 
occur,  or  the  matter  is  uncertain.  The  source  of 
these  data  is  cited  in  each  instance.  For  some 
of  the  more  important  and  better  known  seal- 
ing grounds  I  have  been  able  to  include  data 
on  the  initial  haul  of  skins,  which  give  some 
idea  of  the  original  abundance  of  the  resource. 


Species 


Five  species  are  resident  within  the  re- 
gion; tw  o  fur  seals,  two  sea  lions  and  the  south- 
ern elephant  seal.  The  nomenclature  fol- 
lowed here  is  basically  that  of  King  (1964), 
modified  according  to  (he  re\  icw  of  .Australian 
fur  seals  by  King  (1969)  and  of  the  genus  Arc- 
iocephalus  by  Repenning,  PetersfMi  and  Hubbs 
(1971). 


Family  OTARIIDAE 

Arctoccphalus  pusiUus  doriferus  (Wood  Jones) 

1925. 

Tvpe  locality  unknown. 

hlominate  race  Arciocephalus  pusiltm 
pusillus  (Schreber)  1776,  type  locality. 
Cape  of  Good  Hope,  South  Africa. 
A  rcto^habisforsteii  (Lesson)  1828. 

Type  locality,  Dusl^  Sound,  New  Zea- 
land. 

Neophoca  cinereu  (Peron)  1816. 

Type  locality.  Kangaroo  I.,  South  Aus- 
tralia 

Phocarcios  hooker i  (Gray)  1844. 

Type  locality,  Auckland  Is.,  New  Zea- 
land. 


Family  PHOCIDAE 

Mirounga  leonina  (Linnaeus)  1758. 
Type  locality,  Masa  Afuera  1. 
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The  Antarctic  species  Ihdrurga  Icpto- 
nyx,  Lobodon  care  mop  liagus  and  Lepionvcho- 
tes  weddelli  have  been  recorded  as  stragglers  to 
New  Zealand  and  southern  Australia.  Records 
of  Hydrur^a  are  typically  of  winter  incidence 
and  are  suiTiciently  frequent  and  regular  to 
suggest  that  an  extensive  northward  move- 
ment at  this  season  is  normal  for  this  species. 


Historical  badKgiroiiiid 


All  five  species  were  subjected  to  a  long 
period  of  exploitation  by  Europeans  for  skins 
and  oil.  The  pelt  of  A.forsteri  was  considered 
to  be  the  most  valuable  of  the  two  fur  seals  and 
often  both  species  were  killed  merely  for  the 
skin  (Dunderdale,  1898).  The  pelts  of  sea  lions 
were  much  less  valuable  and  their  bodies  were 
often  rendered  down  for  oil.  Elephant  seals 
were  important  only  as  a  source  of  oil. 

Historically  this  exploitation  occurred  in 
three  phases; 

Phase  I  ( 1 798  to  about  1820)  consisted  of 
an  intense  and  unregulated  industr\\  which 
was  associated  with  the  colonization  and  early 
economic  development  of  Australia  (Hains- 
worth.  1972).  I  he  mitial  effort  was  concen- 
trated in  Bass  Strait  and  along  the  southern 
Australian  coast,  but  the  industry  soon  spread 
to  New  Zealand  (Murray,  1929;  Dunbabin. 
1931;  McNab,  1909).  where  seals  had  been 
known  since  the  time  of  Cook's  visit  in  1773. 
Initially  seal  products  found  ready  markets  in 
China  and  then  in  Europe,  and  the  trade  which 
developed  was  the  first  export  industry  of  the 
colony  at  .Sydney  (Hainsworth.  1972;  Abbott 
and  Nairn,  1969). 

In  addition  to  colonial  enterprise  the 
sealing  grounds  were  also  worked  by  English, 
French  and  American  gangs.  The  intense 
competition  which  developed  and  the  rapid 
dwindling  of  the  seal  colonies  forced  wider 
rangmg  by  the  sealing  captains  and  eventually 
led  to  the  discoveiy  of  the  rich  grounds  beyond 
New  Zealand  and  in  the  sub-Antarctic.  By 


1825  all  the  significant  and  accessible  colonies 
had  been  reduced  to  very  low  levels  or  ehmi- 
nated  entirely.  Sealing  as  a  primary  activity 
atkcti  virtually  ceased. 

Phase  II  was  generallv  associated  with 
expanding  settlement  and  mvolved  only  local 
enterprise.  Residual  colonies  were  persistently 
expk)ited  along  with  other  species  of  wildlife, 
or  in  association  with  agricultural  activities 
near  to  seal  colonies.  This  phase  continued 
into  the  latter  half  of  last  century,  both  in 
Australia  and  New  Zealand,  and  was  eventu- 
allv  brought  to  a  close  or  under  some  form  of 
regulation  by  government  action.  Such  regu- 
lation characterises  the  third,  or  current, 
phase. 

In  1875  the  Ncv*.  Zealand  (iovernment 
moved  to  prohibit  seahng  dunng  the  months 
October  to  May.  This  restriction  remained  in 
force  until  1894.  when  sealing  was  totally  pro- 
hibited.  In  1913  a  three  month  season  was 
reintroduced,  in  which  it  was  legal  to  take  seals 
under  regulation.  Licences  were  not  required 
and  no  check  was  made  on  the  numbers  taken 
each  year  {o  1916.  when  the  season  was  again 
clo.sed.  An  exception  was  made  in  the  case  of 
the  Campbell  Island  C  o.,  an  agricultural  con- 
cern, which  was  permitted  to  take  up  to  400  fur 
seal  skins  in  1922  and  1924:  however,  this 
quota  was  not  reached  m  either  year  and  no 
further  permits  were  granted. 

in  1946,  an  open  season  of  four  months 
was  declared  bv  the  New  Zealand  Govern- 
ment, in  response  to  pressures  by  local  fishmg 
interests.  It  was  restricted  to  parts  of  the  south 
coast  of  the  South  I.  of  New  Zealand,  Solander 
I  and  parts  of  Stewart  I.  The  conditions  of  the 
licences  were  such  that  they  were  effectively 
only  available  to  commercial  fishermen.  The 
total  yield  w  as  6  187  skins,  mostly  of  females 
and  pups  (Sorensen.  1969a). 

The  correspondmg  period  in  Australia, 
where  each  State  is  quite  independent  in  the 
administration  of  its  wildlife,  has  not  yet  been 
fullv  researched.  In  Western  Australia  seals 
have  been  legally  protected  since  1892.  but  at 
least  one  open  season  has  been  permitted  since 
then,  in  1920.  In  that  year  a  sealing  party  took  437 
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494  A.  forsteri  and  327  N.  cinerea  in  the  Re- 
cherche Archipelago  (Serventy,  1953).  In 
South  Australia  seals  were  first  protected  in 
1919,  but  only  within  St.  Vincent  and  Spencer 
Gulfs  and  adjacent  waters  to  the  north  of 
Kangaroo  1.  They  are  now  fully  protected  in 
dl  South  Australiaii  waters  under  the  Fauna 
Ccmservation  Act  of  1964, 

In  Victorian  waters  (to  39  12'S)  seals 
were  given  legal  protection  in  1890,  and  only 
once  since  then  has  a  season  been  declared,  in 
1948-1949.  As  in  New  Zealand  in  1946.  this 
was  in  response  to  complaints  from  the  local 
fishing  industry.  Permits  were  available  only 
to  licensed  fishermen,  who  were  required  to 
forward  all  carcasses  to  Melbourne  for  com- 
mercial processing.  Despite  vociferous  com- 
plaint against  the  seals  prior  to  the  season,  only 
619  were  accounted  for  (McNally  and  Lynch, 
1954).  As  far  as  I  am  aware  seals  have  not  been 
legally  culled  elsewhere  in  Australia  for  com- 
mercial purposes  or  control  for  at  least  50 
years. 

It  is  clear,  from  even  the  most  cursory 
examination  of  historical  accounts  and  recent 
data,  that  the  initial  reduction  of  the  breeding 
stocks  of  all  Ave  species  was  disastrous  and 
that  rccovcrv'  has  been  extremely  slow.  In  the 
case  of  the  t  ur  seals  this  may  have  been  due,  in 
part  at  least  to  sporadic  harvesting  despite  low 
economic  return  (Phase  II,  and  to  some  extent 
in  Phase  III)  and,  more  recently,  to  illegal 
'^control"  shooting  by  fishermen  (Sorensen, 
1969a;  Victorian  Fisheries  and  WUdlife  Divi- 
sion, unpubl.  data)  which  is  impossible  to 
prevent  in  open  waters  distant  from  mainland 
coasts. 


Current  distribution  and  status 

Arctocephaba  pusilhts  dorifena  (see  Ap- 
pendix C) 

The  present  range  extends  from  Seal 
438    Rocks,  New  South  Wales,  to  southern  Tasma- 


nia and  throughout  Bass  Strait  to  as  far  west  as 
Lady  Julia  Percy  I.,  i.e.  from  32"28'  to  43''5rS 
and  from  1S2"33'  to  142WE.  On  present  evi- 
dence the  breeding  range  docs  not  include  the 
east  and  south  coasts  of  Tasmania  but  it  is 
likely  that  breeding  does  occur  at  some  of  the 
known  sites  there.  More  detailed  and  appro- 
priately timed  field  surveys  are  required  to 
improve  estimates  of  colonv  size  and  status. 

On  the  basis  of  the  most  recent  estimates 
the  total  for  the  whole  region  is  about  20  000, 
of  which  more  than  two  thirds  arc  concentrat- 
ed at  three  sites  in  Bass  Strait:  Judgement 
Rocks,  Seal  Rocks  off  Phillip  I.,  and  Lady  Julia 
Percy  1. 

Historical  records  do  not  reveal  a  wider 
distribution  m  the  past,  and  the  uncertainty  of 
much  of  these  data  does  not  permit  any  esti- 
mate of  original  abundance.  The  lade  of  colo- 
nization or  rccoloni/ation  of  the  many  vacant 
sites  within  the  present  range  of  this  species 
suggests  that  most  of  these  may  have  ori^nally 
been  occupied  by  A.  forsteh  or  .V.  cinerea. 
Conversely,  it  is  possible  that  the  existing 
breeding  colonies  represent  the  major  loci  of 
the  species  prior  to  European  exploitation. 

There  is  some  suggestion  that  a  slight 
redistribution  in  relation  to  other  species  may 
have  occurred,  e.g.  A.  p.  doriferus  now  occurs 
in  the  Anser  Group,  said  to  have  once  been 
occupied  by  hair  seals  (Doome,  1874X  but  no 
indisputable  evidence  now  exists. 

Arctocephalus  forsteri  (see  Appendix  D) 

The  Australian  and  New  Zealand  popu- 
lations are  apparently  geographically  isolated, 
and  may  have  been  so  long  before  European 
activity  began  in  the  region  (Shaughnessy. 
1970).  The  species  is  by  no  means  common 
although  it  is  widely  dwtributed  from  about 
1 17"  to  136"n,  with  occasional  stragglers  pene- 
trating Bass  Strait  to  about  148  E.  Information 
on  individual  colonies  (post  1945)  is  so  meagre 
that  no  satisfactoiy  estimate  of  total  numbNcrs 
can  be  made.  It  may  be  as  low  as  several 
thousand. 
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Historical  evidence  indicates  that  its 
range  formerly  extended  lo  the  1  umeaux 
Group  in  eastern  Bass  Strait,  and  that  it  was 
quite  abundant  there  (Flinders,  1814;  Roe, 
1967).  However,  as  there  is  no  evidence  at  all 
that  the  species  is  increasing  significantly  in 
numbers  anywhere  in  Australian  waters,  it 
seems  unlikely  that  these  vacant  sites  will  be 
recolonized  in  the  foreseeable  future. 

The  situation  in  New  Zealand  is  very 
different.  According  to  various  authors 
(Crawlc).  1972)  A.  forsteri  is  increasing 
throughiHil  its  range  there.  There  is  reasonable 
evidence  of  an  upward  trend  in  numbers  at 
many  breeding  sites  in  the  past  two  decades 
and  there  has  also  been  a  marked  increase  in 
numbers  haulinj:  out  at  non-breeding  sites  to 
the  north  (Kaikoura,  Wellington,  Three  Kings 
Is.)  and  south  (Macquarie  1.)  of  the  present 
range.  Breeding  has  actually  commenced  at 
Macquarie  I  hut  as  vet  the  number  of  pups 
born  is  still  very  small  (Johnstone,  1972). 
Viewed  against  historical  records  of  this  spe- 
cies' former  abundance  to  the  east  of  the  Tas- 
man  Sea.  the  current  population  estimate  of 
about  40  000  (Wilson,  1974a)  indicates  that 
there  is  great  scope  for  further  expansion  of 
present  colonies,  and  especially  those  on  the 
remote  islands. 

Neophoca  cinerea  (see  Appendix  E) 

This  sea  lion  is  the  most  widely  distrib- 
uted of  Australian  seals.  In  recent  times 
individuals  have  been  seen  as  far  east  as  Port- 
land. Victoria  (142  f")  and  nt^rth  to  Shark  Bay. 
Western  Australia  (23  S)  (Burbidge,  pers. 
comm.).  The  breeding  range  extends  from 
Kangaroo  I..  South  Australia  (138"E)  to 
Houtmans  Abrolhos  off  the  Western  Austrai- 
iancoasi  at  28  S,  but  the  species  is  nowhere 
abundant.  The  lade  of  estimates  of  colony  size 
probably  reflects  the  isolation  of  many  of  the 
islands  it  inhabits,  a  less  tenacious  fixation  to 
site  compared  wiih  A  rc  tocephalus  and  lack  of  a 
fixed  breeding  season.  I  have  the  impression 
that  it  has  a  natural  tendency  to  congregate 


onlv  in  relatively  small  numbers  at  any  one 
site,  tor  there  are  few  records  of  colonies  in 
excess  of  2O0,  This  is  certainly  true  of  most 
recent  records  and  appears  to  have  been  the 
case  prior  to  exploitation  by  Europeans  (Flin- 
ders, 1814,  (1),  p.  91;  Peron  and  Freycinel, 
1816,  p.  118). 

Recent  censuses  in  South  AustraUan 
waters  (Ling  and  Walker  1976)  L'rossed  a  total 
of  nearly  2  000,  including  pups,  fhis  survey 
covered  less  than  half  of  the  total  range  of  the 
species,  but  even  allowing  the  most  generous 
interpretation  of  the  estimates  of  ail  known 
colonies  the  total  population  would  appear  to 
be  within  the  range  i  000-5  OCX),  which  is  near 
the  lowest  estimate  of  Scheffer  (1958,  p.  3). 

Phocarctos  hookeii  (see  Appendix  F) 

The  main  population  is  centred  on  sever- 
al of  the  small  islands  of  the  Auckland  Group, 
rather  than  on  the  main  island  itself,  but  it  is  by 
no  means  abundant.  Best  (1974)  estimates  that 
there  arc  about  1  000  on  Enderby  1..  2  000  on 
Dundas  1.  and  68  were  counted  on  Figure  of 
Eight  I.  A  few  haul-out  at  various  points 
throughout  tha Group,  so  that  the  total  for  the 
Group  as  a  whole  would  be  of  the  order 
3  000-3  500  (Wilson,  pers.  comm.). 

Some  breeding  occurs  at  Campbell  I. 
and  at  the  Snares,  but  those  islands  are  pre- 
dominantlv  male  haulinji  crounds.  A  small 
group  of  males  has  been  noted  at  Stewart  I., 
but  most  other  records  are  of  lone  individuals, 
all  males.  The  northern  limits  of  this  ranging 
bv  males  is  about  46"S.  to  the  Otatio  Peninsula 
in  the  South  I.,  and  south  lo  53  S  at  Macquarie 
I.,  which  has  been  visited  r^ulariy  over  a  pe- 
riod of  years  by  several  known  individuals 
until  they  were  fully  mature. 

It  would  appear  then,  that  the  entire 
population  is  of  the  order  of 4  000. 

Historical  reooids  do  not  indicate  a 
wider  breeding  range  or  any  clear  indication  of 
its  former  abundance.  I  hcrc  is  some  evidence 
(e.g.  Musgrave,  1 865)  that  Phocarctos  will  va- 
cate a  breeding  site  if  subjected  to  undue  dis-  439 
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turbancc  by  man  (cf.  S'eophnca,  Marlow, 
1968)  so  thai  counts  at  selected  sites  over  a 
period  of  years  may  give  an  erroneous  idea  of 
population  trends. 


Mirounga  leonina  (see  Appendix  G) 

The  main  focus  of  this  species  in  the 
Australasian  Region  is  Macquarie  I.,  and 
there  is  a  small  but  thriving  colony  at  Camp- 
bell f.  There  is  clear  evidence  (Johnstone, 
1972)  that  the  former  colony  is  now  at  its  max- 
imum sustainable  level  -  about  95  000  not 
mcluding  pups  ol  the  year.  The  most  recent 
counts  for  Campbell  I.  indicate  a  breeding 
population  of  at  least  300  females  and  a  larger 
number  of  males,  mostly  imniaiure. 

Early  last  century  a  commercially  im- 
portant breeding  colony  of  unknown  size 
existed  on  the  north  and  east  coasts  of  King  I. 
in  Bass  Strait  and  on  the  nearby  New  Years  is., 
but  it  was  quickly  eliminated  as  a  breeding 
species  (Micoo,  1971). 

The  species  ranges  widely  and  regularly 
visits  Antipodes  Is.,  Auckland  Is.,  and  the 
Snares.  In  recent  times  stragglers  have  been 
recorded  at  the  Chathams  and  the  South  I.  of 
New  Zealand  and  in  Australian  waters  at 
Tasmania,  several  islands  in  Bass  Strait,  and 
on  tfie  Victorian  and  South  Australian  coasts. 
Both  heavily  pregnant  females  and  fully  ma- 
ture males  are  involved.  This  suggests  the  pos- 
sibility of  eventual  rccolonization  of  more 
northern  sites,  if  not  in  New  Zealand  waters, 
where  opportunities  arc  limited,  then  in 
western  Bass  Strait  at  the  ancestral  grounds. 


Bloloey  and  populalioo  itynamics 

Arctocephalus  pusillus  doriferus 

Breeding  habitat  varies  from  basalt  reef 
and  shore  platforms  of  low  elevation,  to  caves, 


boulder  stacks  and.  mart?inallv.  cobblestone 
beach,  smooth  granite  ledges  and  slopes. 

The  colony  at  Seal  Rocks.  Victoria, 
which  has  been  studied  extensively  for  some 
years,  breeds  during  November  and  Deeem- 
ber.  Males  are  rigidly  territorial  and  polyga- 
mous but  harems  are  not  formed.  The  ratio  of 
males  to  females  is  1:8-10 

Parous  females  copulate  6  days  after 
parturition,  but  implantation  is  delayed  until 
the  following  March- April  Pups  are  normally 
suckled  for  1 1- 12  months,  but  a  few  are  carried 
through  a  secondyear,  and  in  rare  instances 
through  a  third.  This  may  happen  if  the  sub- 
sequent pup  dies  soon  after  birth.  A  significant 
proportion  of  immature  of  both  sexes  up  to  the 
age  of  3  or  4  are  to  be  found  among  the 
breeding  females  throughout  the  breeding 
season. 

Females  reach  pubertv  at  4  vears  or 
later,  occasionally  at  3.  Males  probably  reach 
puberty  at  4  or  5  years,  but  attainment  of 
breeding  status  is  deferred  until  a  competitive 
size  is  reached,  which  mav  be  as  earlv  as  the 
ninth  year  but  more  generally  occurs  about  the 
twelfth  year  or  later. 

\s  \et  (here  are  little  quantitative  data 
on  mortality  in  relation  to  age  or  sex.  Counts  of 
dead  pups  m  the  tneeding  areas  reveal  a  min- 
imimi  loss  of  the  order  of  15  96  in  the  first  two 
months,  when  they  arc  sedentary  and  do  not 
readily  enter  the  sea.  Durin]|  the  later  period  of 
immaturity  many  more  die  at  sea,  and  avf 
analysis  of  tag  returns  (Wameke,  1975)  indi- 
cates that  a  significant  proportion  of  these 
losses  IS  due  to  fishermen,  through  accidental 
drowning  in  nets  and  traps  and  by  shooting. 
Large  sharks,  and  the  white  pointer  iCunha- 
rodon  corrharias)  in  particular.  pre\  hea\  ilv  on 
seals  of  all  ages,  but  the  extent  of  thi.s  mortality 
is  unknown. 

Young  seals  (ages  3-5)  tagged  at  Seal 
Rocks  have  been  found  to  be  rather  sedentary, 
few  moving  beyond  150  km  of  the  natal  colo- 
ny. Males  range  more  widely  than  females,  {o 
distances  of  at  least  750  km  (Wameke.  1975). 
As  yet  there  is  no  evidence  of  interchange  of 
brMding  animak  between  colonies. 
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The  two  largest  breeding  colonies,  at 
Seal  Rocks  and  Lady  Julia  Percy  I.,  appear  to 
have  been  stable  for  at  least  30  years  and  it  is 
likely  that  most  of  the  very  small  seal  islands 
are  also  at  saturation  e.g.  Tenth  I.  and  Mo- 
riarty  Rocks  (Kowler,  unpubl.  data).  There  is 
little  convincing  evidence  of  increase  in  num- 
bers in  recent  years  except  at  Judgement 
Rocks. 


Arctocephalus  forsteri 


The  favoured  breeding  habitat  of  this 
species  appears  to  be  boulder  stacks,  fronting 
cliffs  or  slopes  of  high  relief.  Wilson  ( 1 974)  has 
coined  the  term  **tumbledown  beach"  to  de- 
swibc  such  localities,  and  has  stressed  that  they 
provide  shelter  for  females  and  pups.  The 
species  climbs  well  and  retreats  to  higher  sit- 
uations to  avoid  breaking  seas  (e.g.  at  the 
Aucklands.  Wilson.  1974:  and  at  the  South 
Neptunes.  Wamcke.  pers.  obs.). 

in  broad  oulhne  the  biology  ol  this  spe- 
cies is  essentially  the  same  as  A.  p.  dorifents, 
but  there  are  maiiced  behavioural  differences 
and  the  breeding  seasons  do  not  precisely 
coincide  (SiirUng  and  Warncke.  1971).  Wilson 
(1974)  has  defined  three  main  types  of  colony: 
breeding,  bachelor  bull  and  immature.  These 
aggregations  may  be  quite  isolated  geogra- 
phically (e.g.  wintering  colonies  of  males 
around  the  North  I.  of  New  Zealand)  but,  even 
if  all  three  ^pes  are  present  at  the  one  site, 
they  are  still  clearly  segregated. 

Bachelor  males  are  automatically  exc- 
luded from  breeding  areas  by  the  territorial 
behaviour  of  the  dominant  males.  In  contrast 
to  A.  p.  (Ii)rifi'rus.  no  juveniles  occur  in  the 
breeding  areas  during  the  breeding  season. 

Although  no  precise  data  are  available 
on  birth  and  mortahtv  rates,  age  at  first 
breeding  etc.,  one  attempt  has  been  made  to 
calculate  the  size  of  the  colony  at  Taumaka 
ftom  pup  counts,  using  the  known  population 
parameters  of  Cailorhinus  (Crawley  and 


Brown.  1971).  .Allhousih  several  sources  of  bias 
could  not  be  allowed  for,  the  result  was  not 
inconsistent  with  field  estimates. 


Neophoca  cinerea 


The  biology  of  this  species  has  not  been 
closely  studied  and  only  a  general  outline  can 
be  given. 

In  contrast  to  the  fur  seals  Neophoca 
preters  sandy  beaches  and  smooth  rock  for 
breeding  puiposes,  although  individual  sea 
lions  often  haul  Out  among  resting  fur  seals. 
Neop/uica  has  a  well  marked  tendency  to  pe- 
netrate inland  and  individuals  have  been 
found  several  kilometres  from  shore  (King. 
1964). 

This  species  is  unique  among  Australa- 
sian otariids  in  that  the  timing  and  duration  of 
the  breeding  season  is  variable  and  unpredict- 
able. Adult  males  usually  become  territorial  in 
September  and  pupping  commences  in  Octo- 
ber, but  the  timing  of  these  events  can  vary  by 
as  much  as  two  months  in  some  years  (Marlow, 
pers.  comm.).  In  1975  ilie  pupping  season  at 
Seal  Bav.  Kangaroo  I.,  began  in  Februarvand 
extended  over  the  following  eight  months 
(Ling  and  Walker,  1976). 

The  areas  defended  by  breeding  males 
may  alter  or  be  abandoned  depending  on  en- 
vironmental factors  (Stirling,  1972)  and  the 
presence  of  females  about  to  give  birth  (Mar- 
low,  1968.  1975).  Social,  territorial  and  repro- 
ductive behaviour  have  recently  been  describ- 
ed in  detail  by  Marlow  (1975)  and  compared 
with  that  of  Phocarctos  hookeri.  The  normal 
ratio  of  males  to  females  at  breeding  sites  ap- 
pears to  be  1:4-6  (Flinders,  1814;  Marlow, 
1868;  Stirling,  1972). 

Copulation  occurs  6.S  days  after  partu- 
rition (Marlow.  1968).  Pups  mav  suckle  for  two 
years  or  longer  and  individual  females  have 
been  observed  nursing  both  a  newborn  pup 
and  a  yearling  concurrently  (Marlow,  1968; 
Stirling,  1972).  441 
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Limited  data  on  the  age  structure  of  pop- 
ulations in  South  Australia  (Stirling.  1972a) 
reveal  that  adults  commonly  reach  nine  years, 
but  the  liniitations  of  the  ai'cing  technique 
prevented  reliable  estimation  beyond  12  years. 
On  the  basis  of  these  data  and  comparable 
species  of  otariids  Stirling  (1972)  suggested 
that  Nenphoca  females  commence  breeding  at 
three  years  in  compensation  for  their  limited 
life  expectancy. 

N  o  q  uantitative  data  are  yet  available  on 
mortality.  .As  appears  to  be  common  in  many 
otariids,  a  proportion  of  late-term  foetuses  are 
lost  througn  abortion  (Marlow,  1968)  and  the 
presence  of  wounds  and  scars  on  some  animals 
indicates  that  the  species  is  subject  to  preda- 
lion  by  large  sharks  (Marlow,  1968).  I  he  white 
pointer  (Carcharoehn  carcharias)  abounds  in 
southern  Australian  waters  and  has  fre<}uently 
been  taken  by  sport  fishermen  in  the  vianity  of 
seal  rookeries. 

Phocarctos  hook^ 

Only  the  broad  outline  of  the  biology  of 

this  species  is  known  from  sicneral  accounts 
(e.g.  Musgrave,  1865)  and  a  mass  of  incidental 
observations.  Breeding  occurs  on  beaches 
from  late  October  to  January;  males  are  terri- 
torial and  polygamou.s,  the  ratio  at  breeding 
sites  being  1:12  (Gaskin,  1972).  Pups  are  born 
from  November  to  Januaiy,  and  remales  are 
mated  only  a  few  days  after  parturition.  The 
period  of  lactation  appears  to  he  6-8  months, 
but  pups  may  remain  with  their  mothers  for 
some  months  after  weaning.  The  activities  of 
the  yoimg  pups  are  closely  supervised  by  their 
mothers. 

In  some  respects  the  behaviour  of  Pho- 
carctos seems  rather  similar  to  that  of  Neo- 
phoca.  but  there  are  striking  contrasts  which 
arc  due  in  part  to  ditTcrcnccs  in  habitat  and 
also  to  innate  behaviour  patterns.  Marlow 
(1975)  considers  Phocarctos  to  be  advanced 
behaviourly  in  that  it  is  much  more  tolerant  of 
its  own  kind  and  excessive  aggression  is 
avoided  by  highly  ritualized  behaviour. 


Mirounga  leonina 


This  species  returns  annually  to  ances- 
tral breeding  sites  on  sandy  beaches,  which  are 
usually  characterized  by  their  ease  of  access 
from  the  sea.  Mature  males  are  found  on  shore 
ftom  early  August  to  early  December.  The  first 
mature  and  pregnant  females  arrive  in  Sep- 
tember aiid  congregate  in  small  groups.  As 
each  group  forms  it  is  taken  over  by  the  larger 
males  (beachmasters)  and  later  arrivals  join 
these  established  harems.  These  aggregations 
may  evmtually  contain  600  or  more  females, 
whidi  is  far  more  than  a  single  beachmaster 
can  control.  Assistant  beachmasters  are 
admitted  and  take  over  individual  sections. 
Harems  of  SO  or  less  never  contain  more  than 
one  breedmg  bull. 

On  average  a  female  is  present  at  a 
breeding  site  for  28  days  (5  days  pre-parium 
and  23  days  of  lactation)  and  fasts  the  whole 
time.  Oestrus  occurs  in  the  third  week  of  lac- 
tation, or  earlier  if  the  pup  is  lost,  During  the 
short  period  of  dependence  pups  gain  weight 
at  a  rate  of  about  S  kg  per  day. 

Carriek  and  Ingham  f  1962b)  have  shown 
that  the  breedingpopulation  at  Macquarie  1.  is 
Stable  at  36000  females  and  3  500-4000 
breeding  males,  with  an  annual  maximimi  of 
the  order  of  1 10  000  including  pups.  Sur\  ival 
of  branded,  weaned  pups  lo  the  fourth  year  of 
life  is  over  40  %  in  both  sexes;  20  %  of  females 
survive  to  the  eighth  year  of  life,  but  few  may 
live  longer  than  12  years.  15  %  of  males  survive 
to  the  eighth  year  of  Ufc,  but  the  small  number 
of  breeding  males  may  mclude  individuals  20 
years  old.  In  this  unexploited  population  fe- 
males do  not  reach  puberty  until  the  third  year 
at  the  earliest  and  for  many  it  does  not  occur 
until  the  fourth  or  fifth  year.  Males  are  thought 
to  reach  pubertv  at  5  vears  or  older,  but  at- 
tainment of  reproductive  status  is  deferred 
until  the  twelfth  to  fourteenth  year  of  fife. 

Growth  and  development  is  strikingl\ 
different  in  the  exploited  population  at  South 
Georgia  (54  '30S,  36"40W).  South  Georgia  fe- 
males generalfy  reach  puberty  and  mate  at  2 


Copyrighted  materia 


SEALS  IN  THE  AUSTRALASIAN  REGION 


years  and  males  are  mature  and  present  at  the 
breeding  sites  at  4  years  of  age  and  may  hold 
harems  at  7.  The  rate  of  growth  of  South 
Georgia  elephant  seals  is  significantly  greater 
and  both  males  and  females  achieve  larger  size 
than  do  Macquarie  1.  seals,  suggesting  that 
nutritional  factors,  i.e.  ocmipetition  for  food, 
are  limiting  in  the  latter  population  (see  review 
in  Johnstone.  1972). 

Of  all  the  Australasian  seals  Miroun^a  is 
the  only  species  which  could  be  commeraally 
exploited  at  the  present  time  on  a  sustained 
yield  basis. 

Carrick  and  Ingham  (1962b)  have  con- 
sidered the  feasibility  of  harvesting  the  two 
surpluses  that  arc  available  as  a  result  of  the 
dvnamics  of  the  Macquarie  I.  population: 
adult  males  and  weaned  pups.  Surplus  males 
would  have  to  be  taken  when  they  first  haul 
out  for  breeding  or  moulting  i.e.  those  times  at 
which  they  are  carrying  maximum  blubber 
reserves.  Killing  of  breeding  males  would 
probably  cause  serious  disturbance  to  preg- 
nant and  parturient  females  and  the  taking  of 
the  most  economicallv  desirable  males,  the 
largest  and  most  experienced  harem  bulls, 
would  reduce  reproductive  efficiency.  The  al- 
ternative of  selecting  younger  males  at  the 
time  of  moult  did  not  appear  feasible,  owing  to 
their  less  synchronized  haul-out  habits,  and 
to  intermixing  with  other  ages  and  mature 
females. 

Harvesting  of  fat  weaned  pups  as  thcv 
leave  the  harems  appears  to  be  safe,  from  both 
the  numerical  and  behavioural  view>points. 
Carrick  and  Ingham  argue  that,  pending  ex- 
perimental evidence,  it  might  he  possible  to 
take  up  to  80  %  of  males  and  50 't  ol  females 
without  affecting  future  breeding  stocks  and 
success.  One  likely  advantage  Ol  SUCh  action 
would  be  to  increase  the  food  resource  avail- 
able to  developing  females,  enabling  them  to 
breed  at  puberty  or  even  increase  their  survival 
rate.  Carrick  and  Ingham  stressed  that  these 
figures  are  tentative  and  may  be  excessive  if 
the  causes  of  juvenile  mortality  were  not  ap- 
proximately  density  dependent,  and  further 
cautioned  that  large  scale  trials  would  be 


necessary  to  determine  the  most  appropriate 
levels  and  methods  of  harvesting. 


Food,  Feeding  and  Fisheries 
Arctocephalus  pusillus  doriferus 

This  fur  seal  feeds  predominantly  on 
squid  (Notodarus  and  Sepioteuthis).  cuttlefish 
(Sepia)  and  octopus  (Octopus),  but  a  wide 
range  offish  are  afso  eaten  depending  on  sea- 
sonal availability  and  local  opportunity 
(McNally  and  Lynch.  1954).  Of  these  barra- 
couta  (fhyrsitcs),  which  often  cKCurs  in  large 
shoals  in  Bass  Strait  in  summer,  Ls  undoubt- 
edly the  most  important.  Some  of  the  other 
species  that  are  taken,  though  not  regulariy, 
nor  apparently  in  large  numbers  except  under 
tavourable  circumstances,  are  salmon  {Arhpis), 
gurnards  (Trigilidae)  whiting  (Sillaginodes) 
flathead  (Platycephalus)  red  mullet  (Upe- 
neichlhvs),  parnM  fish  (Pseudolahrus). 
leather-jackets  (Aluteridae)  and  small  fishes 
such  as  pilchards  (Clupeidae).  Crayfish  (Jasus) 
are  taken  from  time  to  time,  but  possibly  only 
when  in  the  "soft  shell"  staue.  Crabs  ha\  c  been 
found  in  the  stomachs  of  starveling  juveniles, 
but  not  in  any  from  healthy,  active  seals. 

Very  few  seals  are  seen  feeding  in  bays, 
estuaries  or  aloni:  (he  coast,  which  suggests 
that  the  principal  Iccding  grounds  are  out  in 
Open  waters  over  the  Contmental  Shelf.  This 
may  also  be  inferred  from  the  many  observa- 
tions of  discrete  groups  of  seals  swimming 
purposefully  out  to  sea  Irom  Seal  Rocks,  Vic- 
toria, on  a  fixed  bearing  to  the  southeast 

Althouuh  several  seals  may  be  seen 
herding  and  feeding  on  a  shoal  offish  it  is  not 
known  whether  co-operative  hunting  actually 
occurs;  it  is  more  usual  to  see  seals  feeding 
individually  (l  ewis,  1929.  1930). 

Recoveries  of  drowned  seals  from  traps 
and  trawl  nets  indicate  that  this  species  is  quite 
able  to  hunt  at  depths  of  at  least  118  m.  This 
suggests  that  the  whole  of  the  Continental  443 
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Shelf  is  available  as  a  fecdine  area  and  there  is 
some  evidence  that  adults  work  the  deeper 
water  off  the  shelf  edge  as  well. 

It  is  widely  maintained  by  fishermen 
that  seals  drastically  reduce  the  stocks  of  com- 
mercially valuable  fish,  but  this  claim  is  not 
substantiated  by  evidence  from  fisheries  statis- 
tics or  the  contents  of  stomachs  and  ejecta. 
This  fur  seal  does  however,  pose  a  problem  to 
sedentary  mesh-net  fisheries  m  Port  Phillip  and 
Westernport  Bays  in  Victoria,  which  are  near 
the  hwvx  colony  at  Seal  Rocks.  ll\cn  though 
these  two  bays  arc  not  significant  feeding  areas 
for  seals,  lone  individuals  can  do  extensive  da- 
mage to  a  fleet  of  nets,  and  losses  are  com- 
pounded bv  the  escape  and/or  mauling  of  en- 
meshed fish.  The  problem  arises  sporadically 
and  the  only  effective  remedy  is  prompt  des- 
truction of  the  offending  seal.  Seals  can  also 
disrupt  line  fishing  for  barracouta.  but  this  only 
appears  to  be  a  problem  in  seasons  of  short 
supply. 

Arctocephalm  forsteri 

Data  from  stcmiach. contents  (Rapson  in 

Sorensen,  1969a;  Street,  1964)  mdicale  ihal^. 
forsteri,  in  the  vicinity  of  the  South  I.  of  New 

Zealand,  feeds  mainly  on  squid  (Notodarus 
and  SepioH'uihis).  octopus  {Octopus)  and  bar- 
racouta, and  not  on  prime  commercial  fish  as 
claimed  by  fishermen  woricing  those  waters. 
Street*s  analysis  showed  that  barracouta  com- 
prised %  by  weight  of  the  diet,  w  ith  octopus, 
squid  and  other  fish  in  the  percentages  29,  24 
and  9  respectively.  Of  the  variety  of  other  fish 
identified  none  were  of  omimercial  signifi- 
cance, and  it  was  clear  that  any  commercial 
fi-sh  taken  by  seals  would  be  incidental  to 
their  main  diet.  Further  south,  olT  Campbell  I., 
the  nniin  diet  is  penguins  and  squid  (Bail^ 
and  Sorensen,  1962). 

According  to  Street,  A.  forsteri  feeds 
principally  in  near-surface  waters  (on  barra- 
couta and  squid)  and  at  night,  but  takes  octo- 
pus on  the  bottom  at  any  time. 

There  are  no  data  on  the  species*  food 


preferences  in  Australian  waters,  but  squid, 
octopus  and  barracouta  are  all  abundantly 
available.  Mutton  birds  and  presumably  other 
small  sea  birds  are  occasionally  taken  fWame- 
ke.  pers.  obs.).  As  far  as  I  am  aware  A.  forsteri 
does  not  occur  in  sufficient  numbers  near  fish- 
ing grounds  in  South  or  Western  Australia  to 
be  considered  a  problem. 

Neophoca  cinerea 

Very  little  has  been  recorded  of  the  diet 
and  feeding  bdiaviour  of  this  sea  lion.  Wood 

.lonc^  (192^  records  that  Little  penguins  (Eu- 
dvpiuki)  are  commonly  taken  by  adult  males 
when  both  are  ashore  for  the  breeding  season. 
Penguins  breed  on  many  of  the  island^  inhab- 
ited by  Neophoca  and  would  be  ea.sy  prey 
when  moving  to  and  from  their  burrows,  fhey 
may  also  be  caught  at  sea.  Wood  Jones  also 
observed  a  sea  lion  tearing  up  a  large  fiddler 
ray  {Trv^onorhina)  at  the  surface  by  gripping  it 
firmly  in  its  teeth  aiul  shaking  vigorously.  This 
fish  IS  common  in  the  shallow  coastal  waters  of 
South  Australia. 

Apart  from  the  general  antipathy  of  fish- 
ermen towards  seals  there  appears  to  be  no 
widespread  ocHOifdaint  against  sea  Hons  by  the 
industry,  probably  because  they  do  not  occur 
in  large  numbers  in  any  one  place.  Storr  ( 196 1 ) 
records  that  sea  lions  are  "disliked"  by  fisher- 
men netting  salmon  (Arripis)  at  Cheynes 
Beach.  Western  Australia,  because  they  attack 
the  nets  to  reach  the  enclosed  fish. 

Phocurctus  hookeri 

According  to  (Jaskin  (1972)  this  sea  Hon 
feeds  mainly  on  smaU  fish,  crustaceans,  sea 
birds  and  penguins.  Waite  (1909)  found  the 
remains  of  octopus  and  fish  in  one  stomach 
and  quoted  information  to  the  effect  that  oc- 
topus remains  were  frequently  found  in  their 
stomachs.  .\  red  crab  ( Mccincarcimis  antarcti- 
cus)  is  eaten  and  the  indigestible  remains  re- 
gurgitated (King,  1964). 
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Visiting  sea  lions  at  Macquarie  I.  have 
been  observed  preying  on  Gentoo  penguins 
(Pygoscelis)  and  the  technique  has  been  des- 
cribed in  detail  by  Gwynn  ( 1953). 

Mirounga  leonina 

The  feeding  habits  of  this  seal  in  the  New 
Zealand  region  have  not  been  studied  in  detail, 
but  fish,  ccph  ilopods  and  small  crustaceans 
appear  to  be  the  major  items  of  the  diet  (Gas- 
kin,  1972). 


Research  and  Aesthetics 

Arctocephalus  pusillus  dorijerus 

As  a  direct  resuh  of  long  controversy  over 

the  efTecLs  of  this  species  on  local  fisheries  in 
Victoria,  field  studies  of  behaviour,  diet,  re- 
productive physiology,  population  structure 
and  status  were  conducted  during  the  period 
196S-1977.  This  project  involved  an  extensive 
marking  programme  and  monthly  sampling 
during  two  successive  years  (Wameke,  1966, 
1975;  Stirling  and  Wameke,  1971).  The  resuhs 
of  these  studies  will  provide  the  basis  for  future 
conservation  and  management  policies. 

Apart  from  its  importance  to  field  rc- 
search,  me  Seal  Rodcs  colony  is  a  rather  unique 
tourist  attraction.  For  many  years  it  has  been 
one  of  the  important  wildhfe  assets  of  Phillip 
Is.,  which  is  a  major  tourist  outlet  for  Mel- 
bourne, a  city  with  a  population  of  approxi- 
mately 3  million.  Seal  Rocks  harbours  the  only 
large  nrccding  colony  of  seals  in  AustraUa  that 
may  be  easily  and  safely  viewed  by  the  public, 
either  from  Pt  Grant,  an  adjacent  headland  of 
Phillip  I.,  or  from  a  ferr\  w  hich  nins  out  to  the 
colony  in  good  weather  during  the  tourist  sea- 
son. A  tourist  facility  at  Pi.  Grant  provides 
high-power  binoculars  for  viewing  and  a  free 
information  brochure.  The  feasibility  of  using 
closed  drcuil  television  to  view  the  colony  at 


close  range  and  improve  the  scope  and  detail  of 
the  visual  experience  is  currently  beeing  consi- 
dered. 

The  onlv  other  colonv  of  this  species 
which  at  present  offers  scope  for  tourism  is  at 
Lady  Jufaa  Percy  I.,  Victoria.  Boat  parties  are 
occasionally  taken  out  to  view  the  seals  from 
the  nearest  ports  (a  distance  of  about  20  km) 
but  there  is  as  yet  no  regular  service. 

Australian  fur  seae  are  exhibited  in  both 
the  Melbourne  Zoological  Gardens,  Victoria, 
and  at  Taronga  Zoo  in  Sydney,  New  South 
Wales. 

Arctucephatus  jorsieri 

The  totally  inadequate  biological  basis 
for  the  1946  open  season  in  New  Zealand  led  to 

field  sur\cvs  by  F  alla  (Sorensen.  1969a:  Falla, 
1953)  and  recommendations  for  future  studies. 
An  encouraging  .series  of  publications  have 
since  appeared,  covering  a  modest  breadth  of 
topics:  feeding  habits  (Rapson  in  Sorensen. 
1969a;  Street,  1964),  the  increase  in  non- 
breeding  colonies  to  the  north  (Tunbridge  in 
Sorensen,  1969:  Stonehouse.  1965:  Stirling, 
1970:  Sini2loton.  1972:  Wilson.  1974a).  isolated 
slrandings  in  tropical  waters  at  New  Caledonia 
(King.  1976),  recolonization  of  Macquarie  I. 
(Gwynn,  1953:  Csordas,  1958;  Csordas  and 
Ingham.  1965).  diurnal  rhythms  of  activity 
(Stirling,  1%8;  Crawley,  1972),  social  and  re- 
productive behaviour  (Stirling,  1970;  Miller, 
1971.  1974,  1974a.  1975a;  Crawley,  1972; 
Crawlev  and  Wilst>n.  1976),  vocal  communi- 
cation (Brown,  1^74).  body  and  organ  weights 
(Miller,  1975),  a  population  estimate  from  pup 
counts  (Crawley  and  Brown.  1971).  and  the 
distribution  and  summer  abundance  through- 
out New  Zealand  (Wilson,  1974,  1974a). 

Current  investigations  are  aimed  at  de- 
termining the  magnitude  and  rate  of  the 
increase  in  numbers  of  this  species  throughout 
lis  range  (Crawley,  pers.  comm.). 

Research  in  Australia  has  been  limited 
to  social  and  reproductive  behaviour  (Stirling. 
1971, 1971a;  Stirling  and  Warneke,  1971).  445 
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I  am  unable  to  give  any  worthwhile  as- 
sessment of  the  aesthetics  of  this  species,  in 
Australia  it  is  by  no  means  an  accessible  ani- 
mal, and  the  onfy  colcmy  that  can  be  viewed 
with  comparative  ease  is  hardly  known  to  the 
public.  This  is  a  small,  mainly  non-breeding 
colony  near  Cape  du  Couedic,  Kangaroo  1.,  a 
locality  that  is  visited  by  tourists  because  of  its 
picturesque  lighthouse  and  rugged  rock  for- 
mations. 

Neophoca  cinerea 

Despite  its  wide  range  this  species  has 
received  uttle  attention  from  biologists  until 
recent  vears.  Apart  from  genera!  accounts  of 
itsnatural.histoiy  and  morphology  (e.g.  Wood 
Jones,  1925)  there  have  been  only  brief  con- 
tributions on  reproductive  and  maternal  be- 
haviour (Marlow.  I%8:  Stirling,  1972).  popu- 
lation structure  (Surling  1972)  and  pup 
abduction  (Mariow,  1972). 

More  recently  Marlow  (1975),  in  the 
context  of  comparing  the  two  Australasian  sea 
lions,  presented  a  detailed  description  of 
non-interactive,  social,  territorial,  reproduc- 
tive and  maternal  behaviour,  and  development 
of  the  pup.  Ling  and  Walker  (1976)  are  cur- 
rently studying  the  population  dynamics  of 
Neophoca  at  several  ookmies  and  are  attempt- 
ing to  assess  accuratelv  the  current  status  and 
distribution  of  the  entire  population. 

It  is  a  species  of  great  importance  to 
tourism  in  South  Australia,  and  its  economic 
value  to  that  state  can  only  increase  as  tourism 
expands.  This  has  been  clearly  shown  by  con- 
servative estimates  of  tourist  expenditure  in 
relation  to  the  seals  at  Seal  Bay,  Kangaroo  I. 
(Stirling.  1972a).  A  non-breeding  colony  at  this 
locality  has  become  so  accustomed  to  humans 
that  tourists  are  able  to  mingle  witfi  tfie  seals 
on  the  beach.  Conducted  tours  to  Seal  Bay 
began  in  1955  and  the  service  has  expanded  in 
recent  years.  Stirling  has  stressed  that  mana- 
gement authorities  must  anticipate  future 
pressures  if  this  important  natural  resource  is 
446    not  to  be  lost. 


Neophoca  is  held  in  captivity  at  a  num- 
ber of  zoos  and  aquaria  in  Australia  and  ap- 
pears to  be  a  hardy  and  tractable  species  in 
confinement. 


Phocarctos  hookeri 

This  IS  the  least  known  of  all  the  seals  in 
the  Australasian  Region,  because  of  ifis  re- 
stricted distribution  and  die  remoteness  of  its 

breeding  grounds. 

However,  as  activity  in  seal  research  has 
increased  m  recent  years,  some  preliminary 
work  has  been  done  on  distribution,  abim- 
dance  and  social  and  reproductive  behaviour 
at  the  Auckland  Is.  and  the  Snares  (Crawley 
and  Cameron,  1972;  Best,  1974). 


Mirounga  konina 

This  species  has  been  the  subject  of 
long-term  life  history  studies  by  Australian 
biologists  at  Macquarie  I.  since  1951  (Carrick 
and  Ingham,  I960).  The  main  findings,  based 
on  marked  indi\itluals  of  known  age.  were 
published  by  Carrick,  Csordas  and  Ingham 
(1962);  Carrick  et  at,  (1962);  Carrick  and 
Ingham  (1962, 1962a  and  1962b),  and  NkhoUs 
(1970). 

Subsequent  studies  have  been  on  more 
specialized  physiological  topics:  growth  and 
development  (Rrvclen.  I%7.  1968.  1968a. 
1968b,  1968c,  1969.  1969a,  1969b,  1971,  1971a, 
1972.  1973;  Bryden  and  Lim,  1969),  and  the 
integument  (Ling,  1965, 1966,  1968;  Ling  and 
Thomas,  1967). 

The  remoteness  and  general  inaccessi- 
bility of  the  major  breeding  and  hauling  out 
grounds  of  this  species  prevents  their  exploi- 
tation as  a  tourist  resource.  Captive  display  is 
the  only  alternative  and  the  first  attempt,  using 
2  juvenUes,  at  the  Mount  Mauganui  Marine- 
land  at  Hauranga,  New  Zealand,  is  proving 
successful  (Gaskin,  1972). 
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NON-SPECIFIC    RECORDS    OF    SEALS  IN 
AUSTRALIAN  WATERS 


Key  lo  status. 


A  breeding  colony. 
B  non-breeding  colony. 
C  status  unknown. 


BABEL  I.  (39»57'S.  I48''20^)i 

1801,  sealepi  camp  (Murray).  Lee.  1915:85. 
1817,      Dec.   many  seals  seen.  (C)  King, 

1827(1):7. 

BRUNY  I.  (43  15'S.  147  20'E). 

1802,  Jan.  seals  observed  in  Adventure  Bay. 
Peron  and  Freydnet,  1816:36. 

BUFFALO  REEF  (34'43'S,  136'27'E). 

1945.      Apr.  c.  12  (Fowler).  (B)  CSIRO. 
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CAPE  BLANCHE  (33  OrS.  134  09'H). 

194S,      May.  c.  6  on  rocks  of  cape  ( Fowler).  (C) 
CSIRO. 

CAP  I.  OrSTS,  I35^'E). 

1945,      May.  c.  6  (Fowler).  (C)  CSIRO. 

CAT.  I.  (39'58'S.  148  22'E). 

1798,      Jan.  a  boat-load  of  seals  and  gan- 

nets   obtained   by   Bass.  Flinders, 

1814(l):cxcii. 
179S,      Jan.  seals  encountered  by  Bass,  males 

territorial.  (A)  Collins,  1802:191. 

CLARKE  I.  (41  33*5, 148*1 1'E). 

1802,      Mar  a  great  number  of  seab  (Bailly). 

Fcron,  1807:357. 

COMBI-:  I  f'<4-05'S.  122'57'P) 

1945.       May.  c.  6  (Fowler).  (C )  CSIRO. 

COUNCILLOR  L  (39'49'S,  144'il'EX  once  known  as 

ELEPHANT  ROCK  and  ELEPHANT  I. 
1802.     Jan.  Air  seals  killed  on  Elephant 
Rock.  6-7000  ashore  (Murray).  Lee, 

1915:122. 

1802,     Jon.  600  obtained  by  gang  from  the 

Margaret,   mainlv   from   Elephant  I. 
HRNSW.  5:8;  Cumpston.  1973:52. 
1802,      Dec.  covered  with  seab  (Grimes).  Shil- 

iinglaw.  1879:16 
1813,      Jan.  2  skinti  obtained.  Kelly  Log, 
TAS:CC. 

CRAGGY  1.  (39 4 IS,  1474 I  E). 

1830^,    sealers  camp  (Robinson).  Ptomlev, 

1966:612 

(1871),    scaling  ground  known  as  "The  Stacks". 

Gould.  1872:66. 
1890,      breeding   colony.   (A)   Le  Souef, 

1891:123. 

CURTIS  (iROliP  (?9  28'S,  146' 39T.). 

1820's,    sealer&  camp  for  5  years  (Robinson). 

nomley,  1966:326. 
1820's.    seab  taken  at  THE  SLIPPER.  Plomley, 
1966:337. 

DOUBTFUL  IS.  (34"22'S,  119'35'E) 

1802.      seals  seen  on  small  islet  nearby.  Flin- 
ders, 1814(1):76. 


EASTERN  GROUP  (33  50-5,  I24D6'E). 

1945,  Jim.  20-30  on  NW  Island;  100-150  for 
group,  not  indudmg  S  island  (Fowler). 
(Q  CSIRO. 

FENELON  I  (32  ^S-S,  ISS'H'E). 

1945,      Apr.  c.  12  (Fowler).  (C)  CSIRO. 

GODFREY  IS  (37  05'S.  139'44'E).  ooce  known  as 

BAUDIN  S  ROCKS. 

1831,  Dec.  30  seals  killed  by  men  from  the 
Ettzabeth.  (C)  Bride,  1898:52. 

HELBY  I.  (34"08'S,  123  04'E). 

1945.      Jnn.  3  (Fowler).  (C)  CSIRO. 

HUGO  I.  (34°09'S.  122  I8'F) 

1945,      Jun.  8  (Fowler).  (C)  CSIRO. 

HUNTER  GROUP  (40"30'S,  144  501. ) 

1802.  Dec.  Islel  olT  Three  Hummock  I.  cov- 
ered with  seak  (Freycinet).  Peron  and 
Frcvcinet.  1816:31:  Cumpston,  1973:57 

1832,  Jun.  sealers  camp  (Robinson).  Plomley. 
1966:612. 

1834,      Feb.  sealin>i  occurring  (Robinson).  (C) 

Plomley,  1966:845. 
1830*s.    seals  killed  on  islet  off  S.  coast  of  Three 

Hummock.  L  (Robinson).  (C)  Ptomky. 

1966:670. 


KENT  GROUP  (39  30'S.  I47T0'E). 

1791,      someseabseen.  Flinders,  I8l4(l):cxliv. 
1801,       Nov  seals  seldom  ashore.  cvi(,Ii-ni.c  if 
sealers  found  (Murray).  Lee,  1915:98. 

1801,  Dec.  2  seab  kUled  (Murray).  Lee. 
1915:98 

1802,  Dec.  many  seals  and  sealions  (Grimes). 
Shillingbiw.  1879:15. 

1803,  500  skins  obtained  by  the  JOHN.  SG. 
11  Sept  1803. 

I83(rs,  home  of  the  bbwJc  ftir  seab.  G^pskmd 
Meraay,  2  Feb.  1875. 

KING  I.  (39^0^.  144tn'E). 

1802,  Ian  fur  seals  killed  al  Seal  Bav.  vast 
number  on  shore  (Murray).  (A)  Lee, 
1915:85. 

1802,  Mar-May  4  300  skins  taken  bv  gangs 
from  the  Harrington.  HRA,  I,  3:524, 
637,641. 
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1804,      Feb.  none  of  any  consequence.  Delano, 

1817:462. 

Note:     localities  named  for  seak:  Ptioques  Day. 
Seal  Bay,  Sea  Elephant  Bay,  Seal  Point. 

LAWRENCE  ROCKS  MI'll'E). 

1830-31.  40()  skins  obtained  (Hart).  Bride. 

1898:51. 

LOW  FLAT  IS.  (34'01'S.  I23"32'E) 

1945,      May.  6  on  main  island  (Fowler;.  (C) 
CSIRO. 

MARTS  IS.  (34015.  122"39'E). 

194S.      May.  6-8  on  W  islands,  E  islands  not 
inspected  (Fowler).  (C)  CSIRO. 

NEW  YEARS  IS.  (39  4 I  S.  143  49'E).  dasMticd  ;is  a 
Conservation  Area.  TAS:NPWS 
1802,      co\crcd  with  innumerable  Icpions  i)f 

various  species  (Faurc).  Heron  and 

Freydiinet.  1816:22. 

NINTH  I  (  30  5n  s.  I47'']S'£),  once  known  as  TWEN- 

iV-UAY  I. 

1817.      abounds  with  seal  (C)  HTG.  21  June, 
1817. 

NUYTS  REEFS  (32WS,  ISriO^). 

1945,      Apr  30-40  on  E  rock  (Fowler).  (C) 

CSIRO. 

1945,      May.  15-20  on  E  rock  (Fowler).  (C) 
CSIRO. 


SISTER.S.  THE  (EAST:  30'30'S.  !4S  fX)  F,  WI  ST 
39'42'S.   147'55'E),  clasMlicd  as  Ci)nscr\alion 
Areas.  TAS:NPWS. 

1802,  Oct.  sealing  by  French  gang.  Peron  and 
Freychinel,  1816:4,  33:  Cumpslon. 
1973:15-16. 

SLIPPER  I.  (34  03'S,  122'44'E). 

1945.      May.  I  (Fowler).  CSIRO. 

SWAN  I.  (40  44-5,  148  06'E). 

1802.  Mar.  seals  abounded  on  this  ishind 
(Bailly).  Peron,  1807:358. 

THISTLE  1.  (islet  at  35*04'S,  136'10'E). 

1945.      Apr.  c.  60  (Fowler).  (C)  CSIRO. 

WARD  1.  (33  44'S.  134  17'E). 

1945.      Apr.  6  (Fowler).  (C)  CSIRO. 

WATERHOUSE  I  (40  48'S.  147  38  E). 

1898.      covered  with  hair  seals.  *  Flinders, 

1814(1)  di 

1802,  Mar.  Ircqucmcd  by  a  grcai  number  of 
seals  (Bailly).  Peron.  1807:359. 

WEST  1.  (34  U6'S.  120  18'E). 

1802,  Jan.  fliequented  by  seals.  Flinders, 
18I4(I):78. 
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POINT  BELL  (32°I2'S.  i33'06'E). 

1945,  Mav.  4  on  rocks  off  point  (Fowler).  (C) 
CSIRO. 

PRIME  SEA!  I  (40  (>4'S.  l4r46'E).  also  known  as 

HUMMOCK  I. 

1832,  formerly  the  resorl  of  vast  herds ...  a  few 
sceiT  on  an  adjacent  rode.  Backhouse, 
1843:172. 

RED  I.  (33"5rS.  I2I"20'E). 

1945,      JuLc  20  (Fowler).  (C)  CSIRO. 

ROCKY  1.  (34  I6'S.  135"I7'E). 

1945,      May.  c.  80  (Fowler).  (C)  CSIRO. 

SINCLAIR  I.  arm's,  \3ywEy 

1945.      May.  c.  20  (Fowler).  (C)  CSIRO. 


DA  I A  ON  I  HE  DIS I  RIBU I  ION  AND  STA  EUS  OF 
THE  AUSTRALIAN  FUR  SEAL,  ARCTOCE- 
PHALUS  PUSILLVS  DORIFERUS 

Known  to  the  early  sealers  as  sea  bear,  brown  fur  seal, 
grey  fur  seal:  aboriginal  names  "wayanna"  and 
"cartela"  but  specific  identify  uncertain. 


Key  to  status: 


A  breeding  colony. 
B  non-breeding  colony. 
C  status  unknown. 


*  A  doubtful  record  of  this  species  as  Minders 
passed  at  a  distance  of  about  \JS  km  and  none  of  his 
party  landed. 
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NEIV  SOUTH  WALES 

MONTAGUE  I.  (36"15'S.  150' 13'E).  lichthouse  site 
under  the  control  of  the  Federal  Government. 
1798.       I"cb.  many  seals  in  water.  Flinders, 

1814(l):cxxi:  Rawson.  1946:72. 
1925,      Aug.-Nov.  estimate  of  200.  Le  Souef. 

1925: 1 14. 

1963.      Summer  peak.  NSW:NPWS. 

1970.  Nov.  estimate  of  I. 50.  NSW:NPWS. 

1971.  3(K)  maximum,  pups  born  (report  from 
fishermen).  NSW:NPWS. 

1974,      200.      numbers     increasing.  (C) 
NSW:NPWS. 


SEAL  ROCKS  (32'28'S.  152  33'F).  ilcdicaled  as  a  Na- 
ture Reserve. 

1925.  estimate  of  500.  (A)  LeSoucf.  1*^25:115. 
1970.       22.    including    1    large    male.  (A) 

NSWrNPWS. 
1972,      minimum    of    1    pup    bom.  (A) 

NSW:NPWS. 
1974,      count  ori2.(C)NSW:NPWS. 


TASMANIA  AND  BASS  STRAIT,  north  lo  39°!2'S. 

ALBATROSS  I.  (40"23'S.  144  39  n).  classified  as  a 
Conservation  Area.  TAS:NPWS. 
1798.      Dec.  seals  taken  by  Bas.s.  (A)  Flinders. 

1801.  18!4<!):dxxii 
prior  1813,  minimum  of  12000  (Kelly).  (A) 

Plomley.  1966:697. 
1813,       Feb, -Mar.  5  783  skins  taken  from  "seal 

rock"  near  Hunter  1.      Albatros  1.?). 

Kelly  Log.  TAS:CC. 
1832,      Oct.  I  seal  seen  (Robiiison)w  Plomley. 

1966:665. 

1 895.  Sceletal  remains  of  seals  found  in  large 
cave.    Ashworth    and    Le  Souef, 

1895:138. 

1973.  Jan.-Feb.  5  seen,  including  a  sub-adult 
male  tagged  at  Seal  Rtxks.  Victoria.  (B) 
Wamckc,  pers.  obs.:  .skeletal  remains  of 
A.p.d.  found  in  large  cave.  Wameke. 
field  catalog. 

BETSY  1.  (43 1)3  S.  147  29'E).  classiried  as  a  Conserva- 
tion Area,  rAS;NPWS. 

1974,  estimate  of  10.2a  (C)  TAS:FISH. 


BLACK  PYRAMID  (4()  29'S.  144  |9'I  )  .ilso  known 
SFAL  (Sailing  Directions  for  Victorian  and  Bass 
Strait.  1970).  Classified  as  a  Conservation  Area. 

rAS:NPWS. 

1842.       colony    said    lo    cxinI.    (C)  Sitikcs. 
184(>("l  ):299. 

1972.  small  colony  (Olscn).  (C)  VI(":1  \V1) 

1973.  Feb.    no    seals    seen    from  boat 
(Wameke).  VIC:FWD. 

CAPE  PILLAR.  TASMANIA  (43  13'S,  148  OO'E). 
1910,      colony  known.  (C)  Barrett,  1918: 146. 
1945,      estimate    of    2000  (Challenger). 

VK  :FWD. 
1972.      60-80  (Dinger).  (C)  VIC:FWD. 

1974.  30-50.  TAS:F1SH. 
1974.       25-50.  TASiNPWS. 

FRIAR  ROCKS  (43  32  S.  14ri8T.) 

1972,      small  colony  (Olscn).  (C)  VIC:1  WD. 

GEORGE  ROCKS  (40  55'S.  148  20'F) 

1816.      Jan.  172  skins  taken  in  9  days,  pups 
present      (Kelly).      (A).  Keliv. 
11)20:174-80. 
1827,       worked  by  scalers.  O  May  (n.d.):29. 
1840's,    sealing  ground.  Stokes.  1846(2):  450. 
1972.      smaO  colony  (Olsen).(C)VIC:FWO. 


HIPPOLYTE  ROCKS  (43  07'S,  148  03  E). 

1945.  Mar.  c.  120  (Fowler).  (C>  CSIRO. 

1945.  Apr.  70-80  (Fowler)  (O  CSIRO 

1972,  May-Jul.  50  (Dinger).  (C)  V1C:FWD. 

1974,  12-20.  (C)  TAS:NPWS. 

HOGAN  GROUP  (39  13'S.  147  OO'E). 

1840's,  sealing  in  large  cave.  (C)  Doome,  1874. 
1840*$,     home  of  brown  fur  seaL  Gippdand 

Men:ur),lVcb.  1875. 
1842,      fur  seals  in  cave  on  largest  island. 

Stokes.  I846(2):426. 
1871,      seals  in  large  cave.  Gould,  1872:66. 
1905,      colony  known  (Vietheer).  C:SlRO. 
1925,      300    (fisherman).    (C)    U  Souef, 

1925:114. 

1973.  Dec-Jan.  1974  20^  on  East  Islet 

(Murrav-Smilh).  VIC:FWD. 

1975,  Apr.  30-40  on  East  Islei  (Wameke). 
VICrFWD. 

JUDGEMEN  I  ROCKS  (39  30'S.  I4T08'E). 

1890,      seals  breeding  on  centre  islet,  sealing 
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still  occurring.  (A)  Le  Souel,  1891: 123. 
192 1,      350  skins  taken  by  Cape  Barren  bland- 

ers(\'icihcLTS  csrRO. 
1945,      Mar.  800- 1  000  (Fowler).  CSIRO. 
1945,      Apr.  1 000  (Fowler).  CSIRO. 
1965.      Jan.  300-400 (Dorward).  VIC  FW  D 
1973,      Jan.    4000    (Murray-Smith).  (A) 

VICrFWD. 

1975,      Apr        1 500-2000  (Waraeke). 

VIC;FWD. 

KENT  GROliP  (39  30'S.  l4r20'E). 

1 820's  and  iO\  small  sealing  settlement  on  Deal  I. 

Whinray.  1971:2. 
1925,      200    (nshermen).    (C)    Le  Souef. 
1925:114. 


MAATSUYKER  IS.  (43  39'S.  146  I7'F.). 

1971.  60  on  Needle  RiKks  ((  )  TAS  NPWS. 

1974.  10-20on  north  side.  (C  )  TASiFISH. 

1975.  800-1  000  on  rocks  SW  of  lighthouse. 
(A)TAS:NPWS. 

MARIA  1.(42  40  S.  14S  ns'F  l  ona- kn<nvn  as  OYS TFR 
I.,  now  Maria  Island  Nalional  Park.  T.AS:NPWS. 
1802.  innumerable  seals.  (A)  Peron.  1807:301. 
1802,      Mar.  object  of  sealing  vessel  Endeavour. 

Peron.  1807:309. 
1804-05,  c.  2  OfK)  skins  lost  by  gang  from  Sophia 

sealing  ai  Ovstcr  Bay  (Knopwood).  Ni- 

chollsri977;78. 
1805,      scaling  gang  on  island.  HRNSW.  5:697. 

1972,  small  colonv  on  Ilol  Ou  Nord  (Olsen). 
(C)  VIC  FWD. 

1972,  2  or  3  groups  »  200  (Dinger)  (C) 
VIC  FWD 

1974,  a  few.  seen  regularly.  (C  )  I  AS;  N  PWS. 

MONCOEUR  IS.  (39  I4'S.  I46°3I'E). 

1921,       400  skins  taken  bv  Cape  Barren  island- 
ers (Vietheer)  CSIRO. 
1925,      300  on  Western  Island  (fishennen).  (C) 

Lc  Souef.  192.';:  114 
1945.       Apr.  300-400  on  W  island  (Fowler).  (C) 
CSIRO. 

1945,  colonv  reporlcd  on  I  island  fin  error  for 
W?).  said  to  be  larncr  than  .Seal  Rocks. 
Vic.  V1C:FWD. 

1967,  Jan.  niininuim  of  2(M)  ai  i:  end  of  W 
island  (Mirrabella).  VIC:  I  WD. 

1975,  Apr.  c.  420  (Wameke).  (C)  V1C:FWD. 


MORlARfY  ROCKS  (40  36'S,  148  16'E),  once  known 
as  COUNCIL  ROCKS. 
1925.       150 (fishermen).  I.e  Souef  1925: 1 14. 
1925.      1  800-2  000  (Mansfield).   U  Souef, 
1925:114. 

1945.       Apr.  800-1  000  (Fowler)  (C)  CSIRO. 

1971.  Jul.  c.  620  (Wameke).  (C)  V1C:FWD. 

PEDRA  BI  \NCA(43*52'S.  l4(oS  F).  also  known  as 
PEDRA  BRANCA  or  PEDRO  BLANCO. 
1939.      Feb.  c.  300  (Fowler).  (C)  CSIRO. 

\')A\       5  000(Challcni;cr).  VICiFWD. 
1945.      minimum   of^  1 000   (Fowler).  (C) 
VIC:FWD. 

1947,       Apr.  estimate  of  400-500 (Palfreyman). 
(C)  Fowler.  1947:22-6. 

1972.  small  colonv  (Olsen).  (C)  VIC: FWD. 

1974.  12-20.  l  AS  NPWS 

1975.  Apr.  c.  90  (Wameke).  (C)  VIC:FWD. 

"PINFAPPI.E"     (-  PARTRIiXiE     L)  (43«24'S. 

I47i06'E). 

1974,      5-10.  (C)  TAS:F1SH. 

PORT  DAVEY.  TASMANIA  (43'20'S.  I45"55'E), 
within  the  SW  Fauna  District,  a  conservation 

area.  TAS:NPWS. 

1972.      seals  seen  at  Window  Pane  Bay, 

(Olsen)  (C)  VIC: FWD 
1974.       maxmium  of  20.  (C)TAS:NPWS. 

PYRAMID.  THF  (39  49'S.  147  |4'F) 

1830.       Dee.  400  skins  taken  (Robinson).  (C) 
Plomlev.  1966: 177.  302-3.  337. 443. 

1974.  300-400.  incrLMMn-  fC  )  I  AS  N  PWS. 

1975,  Apr.c.  150(SVarneke).  (C)  VIC  :l  WD. 

REID'S  ROCKS  (4(n5'S.  144  lOT) 

1854.       Nov.  large  herd.  (C  )  Ni.xon.  1857:96. 
1910,      colony  known.  (C)  Barrett,  1918:146. 
1925,      I  500-2  000  (fishermen).  Le  Souef, 
1925:114. 

1945,      Apr  2  000  (Fowler).  (C)  CSIRO. 

1974,  Jun.  300-500.  TAS  NPWS 

1975,  Apr.  c.   1  300  (Wameke).  (A)  VIC: 
FWD. 

SCHOUTEN  I.  (42  20  S,  148  20'E). 

1972,      small  ook>ny  (Olsen).  (C)  VIC:FWD. 

SISTERS.  THE  (43  39  S,  146  23'E).  The  eastern  island 

also  known  as  SEAL  ROCK  or  FLAT  TOP  L  451 
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1871.      colony  known.  (C)  C}ould,  1872:66. 
IW4,       seals  numerous.  Au.st.  Pilot.  1944(2): 
219-20. 

1945,       4  00()(rhallen^^crV  (C)  Vir;FWD. 
1972,       small  colon)  (OLscn).  V  lCiFWD. 
1974,      50-150  on  "Fbt-lop  Sister".  (C) 
TAS:FISH. 

TENTH  I.  (39^7'S,  I46*S9^X  commoiily  known  as 
BARRENJOFY 

1798,      Nov.  covered  with  hair  (?)  seals,  Flin- 

den,  1814(]):cli. 
1910.      colony  known.  (O  Barren.  191 X:  137. 
1925,      200    (fishermen).    (C)    Le  Soucf, 

1925:114. 

1925.      1000  (Mansfield).  (Q  Le  SoueT. 

1925:114. 

1945,      Apr.  300^  (Fowler).  (C)  CSIRO. 
1971.      Jul  minimum  of  400  (WamekeX  (A) 
V1C;FWD. 

1974,  200.  TASrNPWS. 

1975,  Apr  niinimum  of  500  (Wameke).  (A) 
V1C:FWD. 

WHITE  ROC  K  (42"25'S.  US'IO'E),  once  known  as 
ISLE  DES  PHOQUES. 

1802,  Feb.  covered  with  a  prodigious  number 
of  seals  (Baillv)  (C)  Peron,  1807:294: 
Cumpston.  1973:48. 

1802,  Feb.  covered  wiih  seals  (Baudin).  (B) 
Cornell.  1974:349. 

1816.       Jan.  6  skins  collected.  Kelly.  1920:181. 
1832,       fur  seals  taken  occasionally.  Backhouse. 
1843:73. 

1910.       Jan.  50  seals  in  cave.  Barrett,  1918: 1 14. 
1925,       estimate  of  1(K).  I.c  Soucf,  1925: 1 14. 
1945,       500  (Challenger).  (C)  VIC:FWD. 

1974.  10-20.  (C)  TAS:F1SH. 

WRIGHTS  ROCK  (39^'S.  I47"32'E). 

1803,  Mav  seals  heard  at  night.  (C).  Flinders, 

1814(2):27l. 

1945,       Apr.  none  seen  (Fowler).  (C)  CSIRO. 

1971,  Jan.  40  ashore,  including  males,  females 
and  young.  (C).  Marginson  and  Mur- 
ray-Smith, 1972:213. 

1975.  Apr.  c.  190  (Wameke).  (B)  ViC:FWD. 


VICTORIA,  south  lo  39  I2'S. 

CAPEBRIDGEWATER  (3S  23  S.  HI  IS'E). 

1948.      60  in  caves  at  E  point;  '^ung*'  seen 


(Patterson),  (C)  V  l(  FWD' 
1948,       80-100  (Scaley).  (C)  VIC:FWD. 
1971,      seals    seen-  in    cave  (Beinssen). 

VIC:1  WIV 

1971,       young    seen    (abalone  fishermen). 
V1C:FWD. 

1975,  Julv  c.  40  in  cave  at  E  point  (Beinssen). 

VIC:FWD. 

1976,  Jan.  25-30  in  cave  (Wameke).  (B) 
VIC:FWD. 

CAPE  NELSON  (38'15'S,  141*34^). 

1948.      60  in  caves  at  E  point  (Sealey).  (C) 
VIC:FWD. 

1948,      50:  bulls  seen  Nov.-Dec..  young  seals  in 

Jan.-Fcb.  (Patterson)  (  \)'vi(  I  WD. 
1971,      seals  in  cave,  to  be  seen  at  any  lime  of 
year  (Beinssen).  V1C:FWD. 


KANOWNA  (39-10'S.  \Mr\VE\  part  of  Wilsons 

PromontorN  National  Park.  VIC  NPS 
1874.      seals  on  adjacent  islets.  (C)  Doome. 
1874. 

1925,       600  (Cishcrmcn ).  I.c  Souef  1925: 1 14. 
1945,       1500-2  000;  250  on  adjacent  islets 

(Fowler).  (A)  VIC:FWD. 
1964,      Jun.  maximum  of  3fK).  i>n  N  slope  and 

adjacent  rocks  (Dorward  and  Pizzey. 

mimeogr.  report).  VIC:FWD. 
1966,      Oct.  500-650  on  N  slope  (Baum.)L 

VIC:FWD. 

1974.  Julv.  1  800  on  Island  and  adjacent  islets 

(Warnckc).  (A)  VIC:FWD. 

1975,  Apr.  2  000-2  500  on  island  and  adjacent 
islets  (Wameke)w  (A)  VIC:FWD. 


LADY  JULIA  PERCY  1.  (38'25'S.  142WE).  a  State 

Faunal  Reser\c.  VIC  PWD 

1822-28,  sealeni  at  island.  Mahoney,  1937:332. 

1866.      seals  in  great  numbers  (Griffiths).  (C) 

MahoncN  \'n'^'M. 
1925,      3  000-4  000  (lishermen).  (C ).  Le  Souef. 
1925:114. 

1936,  1\\-.  3  O0O-4  000:  mi^rc  than  1  (XK) 
pups.  (A)  Tubb  and  Brazcnor, 
1937:435. 

1945.       5  000  ( I  ewis).  (A)  VIC  I  WD 
1945,      Apr.  minimum  of  1  (XK)  (Fuwicr). 
CSIRO. 

1948,  Nov.-Dec.  2000  (Tarr).  Coleman. 
1951:177. 
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I963,      Dec.  colony  larger  «h;jn  Seal  Rocks  (c. 

5  000).  (A)'PescoU,  1965:294. 
I967«      Dec.  slight  increase  (from  1963);  some 

bachelor  sites  now  maternal  sites.  (A) 

Pescou,  1968:127. 

1974,  Feb.  962  pups  tagged,  of  estimated 
I  800(Warneke).  VI:FWD. 

1975,  Jan.  1380  pups  tagged  (Waraeke). 
VICrFWD. 

1976,  Jan.  I  786  pups  tagged  (Waraeke). 

VIC:FWD. 

1977,  Jan.  1  342  pups  lagged  (Warnckc). 
VICrFWD. 

LAWRENCE  ROCKS  (3»  25'S.   141  4  I  E),  a  Slate 
Faunal  Reserve.  VICrFWD. 
1948.      25.  in  water  only  (Patterson).  (B) 
VIC:EWD. 

1948.      estimate  of  30  (Sealey).  VICrFWD. 

SEAL  IS.  (38'56'S.  146"40'£).  also  known  as  DIREC- 
TION IS. 

1798,  Jan.  the  number  of  scah  u  is  b\  no 
means  equal  in  what  wc  had  been  led  lo 
expect.  It  IS  certain,  however,  that  grcal 
numbers  had  been  destroyed ...  pups 
.seem  now  to  be  nearly  full  grown  ...  a 
speculation  on  a  small  scale  might 
be  carried  on  with  advantage  (Bass). 
(A)  Flinders,  ]814(l)rcxvii:  Rawsoo. 
1946:36. 

1966,      Dec.  60-70  yearlings,  3  adult  females  at 

SW  end  of  Rag  I.  (Baum).  Normally 
only  up  to  6  old  seaU  at  E  end  (Trus- 
oott).(0  VICrFWD. 

SEAL  ROCKS,  ofr Phillip  I.  (38  32^,  14SWE).aSUte 

Faunal  Reserve,  V1C:FWD. 

1801,  Mar.  covered  with  seals ...  of  a  large 
size...  I  judged  them  to  be  of"  that  spe- 
cies ...  called  by  the  tishermen  Sea  Ele- 
phants ...  they  may  be  found  in  great 
numbers.  (C)'ciranl.  1803:123. 

1801,  Dec.  several  thousand  pups  lying  on 
shore...  evidence  of  sealers  foimd 
(Murray).  (A)  Lee.  1915:104. 

\i50\    estimate  of  20^.  Lewis,  1942:24. 

I860,      lOOdisheimen).  VICrFWD. 

1869,  estimate  of  20  (Kennon).  (C)  Coleman. 
1951:176. 

1879,  seab  taken  for  oil  (Kennon).  Oliddon, 
1963r229. 


1907.       I  000-2  000.  (C)  Vin.  \ar.  24  54 
1913,      Mar.  400-600.  (C)GabrielJ9I3:3L 
1925.      3000-4000  (fishermen).  Le  Souef, 

1925:1 14. 

1945,      Apr.  c.  3  000  (Fowler).  CSIRO. 

1945,      5,000  aewis).  VICrFWD. 

1966-74.  colon\  stable  at  abotit  5  500  (shore 
counts);  producing  an  annual  crop  of 
about  2  000  pups.  Wamekc.  1975. 

SKERRIES,  THE  (37  45'S.  149 3 I  E),  part  of  Wingan 

National  Park.  VIC:NPS. 

1910.       colony  known.  (C)  Barrett,  I9l8rl46. 

1945.  Apr.  400-500  (Fowler).  CSIRO. 

1946,  3(K)-400,  maximum  of  800  (Fowlcrj.  (A) 
VIC:FWD. 

1974,  Feb.  about  50  pups  (Waraeke).  (A) 

VICrFWD. 

WHITE  ROCK  (38"55  S.  I46'39T.) 

1966,  Dec.  18U  in  two  groups;  mainly  year- 
lings but  including  4  bulb  and  6  adult 
females  (Baum).  (C)  VIC:FWn. 

1975,  Apr.  190-200  (Baum).  (C)  V1C:FWD. 
1977,      Apr.  c  135  (Cherry).  (C)  VICrFWD. 


Appendix  D 


DATA  ON  THE  DISTRIBUTION  AND  STATUS  OF 
THE  NEW  ZEALAND  FUR  SEAL,  ARCTO- 
CEPHALUS  FORSTERI 

Known  lo  the  earlv  sealers  as  sea  bear  Of  black  AiTseal; 
maon  name  "Kekeno". 

Key  to  Statusr         .A  brecdinr  colony. 

B  non-breeding  colony. 
C  status  unknown. 

SOUTH  AUSTRAUA 

ALTHORPE  I  (35  22  S.  136  >  I  E).  Ahhorpe  Island 
Conservauon  Park,  SA:NPWS. 
1969,      breedmg  colony.  (A)  King,  I969r850. 

CASUARINA  IS.  (36  06'S.  136  42'E).  also  known  as 
THE  BROTHERS;  part  Flinders  Chase  National 
Park.SArNPWS. 
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1912,      20  rur  seak  kilted.  Wood  Jones, 

1925:377. 

1925,      presence  piacticatly  certain.  Wood 

Jones.  1925:377, 
1945,      Apr.  c.  60  on  N  island  (Fowler).  (C) 
CSIRO. 

1969,      fur  seals  on  N  island.  (C)  King. 

1969:851. 

1974.  Feb.  fninimmn  of  40  on  N  island, 

mostly  males  (W'arnckc)  VIC  I  WD. 

1975,  Mar.  240,  (a  few  newborn  pups  in  pre- 
viooB  Jan.).  (A)  Ling  and  Walker, 
1976:65. 


FENELON  I.  (32".15'S.  lir  17'E) 

1975,      Jun.  40  (Delroy).  (C)  Ling  and  Walker, 
1976:65. 

FLINDERS  1.  (33  43'S.  133  17  E). 

1802,      Feb.  3  seals,  of  blackish  colour,  seen  on 
the  rocks  (Btown).  Cooper.  1955:69. 

FOUR  HUMMOCKS  (34  46'S.  135  OI  E). 

1968.  coionv  known.  King.  1968:632. 

1969,  50-100.  (C)  King.  1969:850. 

FRBELING  I.  (32"39'S.  133  2  I  E). 

1975,      Jun.  5  (Delroy).  Ling  and  Walker, 

1976:65. 

OAMBIER  IS.  (35  lO'S.  136'27'F) 

1969,      mapped  as  seal  IcKalilv.  (t  )  King. 
1969:850. 

1975,      Nov.  26  on  .South-West  Rocks.  Ling 
and  Walker,  1976:65. 


GREENLY  1.  (34'49'S.  134'47'E). 

1947,  Nov.  present,  no  estimate.  ((')  l  inlay- 
son,  1948:38:  (less  than  100.  see  Mit- 
chell and  Behmdt.  1949:172). 

KANGAROO  I.  (35  5()'S.  137"20'E).  part  Flinders 
Chase  National  Park.  SA:NPWS. 
1803,      Jan.  great  number  of  seals  at  Anse  des 

Phoques  (  =  Western  Cove).  (C)  Peron 

and  Freycinei.  1816:70. 
1803,       1  400  hair  and  fur  seal  skins  taken 

(Pendleton)  1  anning,  1833:319 
1969,      colony  at  Cape  du  Couedic.  (C)  King, 

1969:85a 

1974,      Feb.  non-breeding  group,  mostly  of 


1975, 
1975, 


sub-adult  males  (Wameke).  (B) 
VIC:  F  WD. 

Jan.  3  pups  at  Cape  du  Couedic.  (A) 

Ling  and  Walker.  1976:65. 
Mar.  peak  of  240  seals.  Ling  and  Wal- 
ker, 1976:65. 


SOUTH  NEPTUNE  IS.  (35  19'S,  136  06'E).  Nepiune 
Islands  Conservation  Ptek,  SA:NPWS. 
1970,      several  breeding  colonies  on  N  island. 

including  a  minimum  of  920  females. 

(A)Stirting,  1971:247. 
1975,      Sep.  1  100  on  N  island.  200  on  Middle 

Rock  (Needham).  Ling  and  Walker, 

1976:65. 

THISTLE  I.  (35"00'S.  136'08'E). 

1969,       maximum  of  20.  (C)  King.  1969:850. 
1975,      Jun.  count  of  8.  Ling  and  Walker, 
1976:65. 


TASMANIA  AND  BASS  STRAIT 

CAPE  BARREN  I.'  (40^5'S.  148*15'E). 

1798,  main  concentration  at  Cone  Pt.  (A) 
Fhnders,  1814(1):  c.xxix.  cxxxiii. 

1798,  9000  skins  taken  by  pioneer  gang  (Bi- 
shop). Roe.  1967:317. 

CLARKE  L«  (40^3'S.  148'11'E). 

1798,  fur  seals  abundant  at  S  end.  (Q  Flin- 
ders, 1814(l):cxxxiii. 

KENT  GROUP  (39"3()'S.  I47"20'F). 

1840's,  home  of  (he  black  fur  seal.  (C)  Gipps- 
had  Mercury,  2  Feb.  1875. 


'  My  ideniificalion  nl  these  seals  as  A./orsieri  is  bused 
on  Flinders'  description,  which  on  poinlsof  size  and  especiaUy 
of  colour  is  indicative  of  this  species  rather  du»  Ajt.  dorl/imis. 
Admittedly  Fiinden  was  compaiuiig  these  seals  with  sea  lions 
nearby,  but  in  later  references  he  described  other  flir  seals 
with  reddish  fur  of  poorer  quality,  e.g.  at  .Mbalross  I  w  hich 
was  then  oecupied  bv  A.p  thrif'ern\.  (m'c  Klimiers 
18  I4(  I  ):cl\\ii).  Skeletal  material  Inmi  Albatross  I.,  wind-,  I 
have  reason  to  believe  pre-dates  1832.  ii>  of  A.p.  dohjerus 
(VICrFWD  Collection).  Other  wrilen  have  stated  without 
reservation  thai  both  black  {A.  fimurij  and  brown  {A.  p. 
dorlferm)  flir  sesb  originally  occurred  hi  Bass  Strait,  e.g. 
Dundcrdale  (1898:305)  and  Gould  (1872:62). 
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LOW  IS.'  (40"08'S.  I47"44'E). 

1798,      OcL  a  few  seals  killed. 
18l4(l):cxlv. 


Flinders, 


PASSAGE  IS.'  (40  3 I  S,  148'19'E). 

1798,  scab  abundant.  Flinders, 
I8l4<l);c\\xiii 

1830,  24  skins  taken  tn  1  yr  by  sealer  at  W 
island  (known  as  For^th  or  Ptngutn  L) 
(Robinson).  (C)  Plomley,  1966:295. 

SALTPETRE  ROCKS,  reported  ofTW  coast  of  KING 

I.  (39"50'S,  144'00'E).  but  not  on  modem  charts. 
1925,      c  I'K).  colony  known  iocailv  as  black 
seals  (Knight).  (C)  Le  Souel,  1925: 1 14. 


WESTERN  AUSTRAUA 

BALD  1.  (34'55'S,  IIS^T'E).  Reserve  A25869.  Conser- 
vation of  Flora  and  Fauna.  WA:DFV\' 
1971,      Oct.  c  30  on  main  island  and  adjacent 

islets   (Smitfa   and   Burbidge).  (C) 

WA:DFW. 

BOXER  1.  (34'W)'S,  l2r40'E).  part  Reserve  A22796. 
Conservation  of  Flora  and  f  auna.  WA:DFW. 

1968,  mapped  as  Tur  seal  locality.  (D)  King. 
1969:851. 

CAPPS  I.  (33  59'S.  i:i'4l'E).  part  Rcscr\c  \22796. 
1945,      May.  none  seen  (Fowler),  CSIRO. 

1969.  mapped  as  fur  seal  locality.  (C)  King. 
1969:851. 


DAW  I.  (33"5rs,  124  07T.).  also  known  as  CHRIST- 
MAS L,  part  Reserve  A  227%. 
1948,      Jun.  100  counted  from  FRV  Wareen. 

(C)  Serventy.  19.^3:46. 
(n.d.).      most  abundant  on  oll-lying  Coopers 

Reef.  Serventy.  1953:46. 
1969,      mapped  as  fur  seal  locality.  (C)  King. 

1969:851. 

ECLIPSE  I  (35M'S.  I!7"2?'E).  lighthouse  site  under 
control  of  Federal  Government. 
1967.      bieedaig  odony.  minimum  of  12  pups 
bom.  (A)  K'mg,  1969:849. 

FIGURE  OF  EIGHT  I.  (34'01'S,  131'36'E).  part  Re- 
serve A22796. 


1969,      mapped  as  fur  seal  locality.  (C)  King, 

1969:851. 

FUR  ROCK  (34"0rS.  I2!"38T) 

1945,      Jul.  30-40 (Fowler).  (C )  CSIRO. 

HOOD  I.  (34  '09'S.  122"02'E),  part  Rescr\'c  A22796. 

I%9,      mapped  as  fur  seal  locality.  (C)  King, 
1969:851. 

KLRMADEC  1.  (34  06'S,  122  50'E),  also  known  as 
WEDGE  I. 

1969,      mapped  as  a  fiir  seal  locali^.  (C)  King, 
1969:851. 

MIDDLE  I.  (34'06'S,  123*1 1 T  ).  part  Reserve  A22796. 
(n.d.X     once  occupied  by  sealers.  Serventy, 

1953:46. 

1833-34.  salt  obtained  by  sealer  (Hart).  Bride, 
1898:53. 

MONDRAIN  I.  (34*08'S,  122'14'EX  part  Reserve 

A22796. 

1802,      Jan.  seals  of  reddish  lur  taken  (C) 

Flinders.  1814(1):83. 
1969,      mapped  as  a  fiir  seal  locality.  (C)  King, 

1969:851. 

ROUND  1.  (34"I2'S.  l22"n6'E).  part  Resenc  A22796. 
1%9,      mapped  as  a  fur  seal  locality.  (C)  King, 
1969:851. 

SALISBURY  I.  (34"2rS,  123"32'E),  part  Reserve 
A22796. 

1950.       Nov.  50  adults.  Ser\enty.  1953:46. 
1969,      mapped  as  a  fur  seal  locality.  (C)  King, 
1969:851. 

SEAL  ROCK  (34 "01  'S.  1 2 1  '39^.).  part  Reserve  A22796. 
1945,       May.  60-70  (Fowler).  (C  )  CSIRO. 
1945,      Jul  100-150  (Fowler)  (C) CSIRO. 
1969,      mapped  as  a  fur  seal  locality.  (C)  King. 

1969:851. 

TERMINATION  1.  (34'28'S,  122"02'E),  part  Reserve 
A22796. 

1969,     mapped  as  a  Air  seal  locality.  (C)  King. 
1969:851. 


All  these  localities  except  Eclipse  1.  are  part  of  the 
Retfbeidie  Archipelago,  of  which  Flinders  (1814(I):9I) 
said,  "All  the  islands  seem  to  be  more  or  less  fi«quenled  455 
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by  seals;  but  I  think  not  in  numbers  sufficient  lo  make  a 
speculation  from  Europe  advisable  on  their  account ... 
the  seals  bdng  mosOy  of  the  hair  kind,  and  the  fur  of 
such  others  as  were  seen  was  red  and  coarse". 

SEW  ZEALAND 

The  foUowing  listing  of  sea!  localities  in  Nc» 
Zealand  was  compiled  from  my  own  reading  and  with 
the  help  of  a  very  detailed  gazetteer  presented  as  an 
appendix  to  Wilson  (1974a).  I  have  grouped  the  locali- 
ties alphabetically  under  three  broad  geographical  di- 
visions; North  Island;  South  Island;  and  the  major  is- 
land groups  distant  to  the  south  and  southeast,  indud- 
ing  Macquarie  I. 


I9SI,      Sep.  12  seen  on  Lkm  Rock.  Wilson, 

1974a: 194. 

I960,  Sep.  30  on  Lion  Rock,  minimum  of  200 
on  Saddleback  I.  (Merlon).  Wilson, 
1974a:  194. 

1972,  May.  c.  30  counted.  Wilson, 
1974a:  193-4. 

THREE  ICINGS  IS.  (34*I0'S.  YITWE). 

1967.  Dec.  seals  first  seen  (Jose).  (B)  Single- 
ton, 1972:649. 

1968.  Oct  20  on  westemnnost  of  Princes  Is. 

Singleton.  1972:649 

1969.  70-80.  Singleton,  1972:649. 

(1974X  Jan.-Feb.  eslinuite  of  0-15.  Wilson. 
1974a:  19S. 


NORTH  ISl^ND 

CAPE  PALLISER  {4r'37'S.  175  161:) 

1972,       1972,  wintering  colony.  (B)  Singleton. 
1972:649. 

1972,      May.  c.  200.  Wilson.  1974a:  193. 

CAPE  TERAWHin  (4IM7«,  i74^7'E). 

1962,      Aug.  300.  including  "pups"  (Tunbrid- 

ge).  (C)  Sorenscn,  1969: 10. 
1972.      wintering   colony.    (B)  Singleton, 
1972:649. 

GANNET  L  OT^-S,  174^'E). 

1958.      3  40<)  counicd  (Fish.  Mgt,  FUes).  Wil- 
son,  1974a:  194. 

1971.  2  seals  seen.  Young,  1971:15. 

1972.  May  70^100.  Wilson.  1974a:  194. 

MOTUPIA  I.  (34"36'S,  172"4S'E). 

1969.      wnitering  ootony  of  c.  130  (Jose).  (B) 

Singleton,  1972:649. 
(1974),    Jan.-Feb.  estimate  of  5-25.  Wilson. 
1974a:  195. 

SINCLAIR  HEAD(41"22'S,  174'42'E). 

1972.      wintering    colony.    (B)  Singleton, 

1972:649. 

1972.      May.  c.  30  counted.  Wilson.  1974a:  193. 

SUGARLOAF  IS.  (34"03'S,  174  02  F) 

1927,      May.  4  seen,  first  for  many  years  (Fish. 
Mgt.  Files).  Wilson,  1974a:  194. 


TURAKlRAt  HFAD  (4126  5.  174  55'E). 

1972,      wintering    colony.     (B)  Sinulcton. 
1972:649. 

1972,      May.    c.     140    counted.  Wilson, 
1974a: 193. 


SOL  Til  ISL.4ND 

ABUT  HEAD  (43°07'S.  I7016'F) 

(1974),  Jan.-Feb.  estimate  ol  40-200.  Wilson. 
1974a:  180. 

ARCHWAY  IS.  (40  30-8.  I72  40'E). 

1968,      Aug.  35  (Taylor).  Wilson,  1974a:  189. 

1972,  Jul  47-55.  (B)  Wilson,  1974a:  189. 

BANKS  PENINSULA  (43''50«,  173WE). 

1973,  Jul-Sep.  32  Horseshoe  Bav:  ^5  65  ;ii 
Pompeys  Pillar;  13  on  mainland  oppo- 
site Crown  I.;  55-70  at  Ducksfoot  Bay; 
c.  50  at  Pa  Bay.  Wilson,  1974a:  185-8. 


BIG  RIVER  (46"12'S,  166'56'E). 

1947-48.  colony     known     (Falla).  Wilson, 
1974a:  169. 

(1974),    possibly  .several  hundred,  pups  present 
(Dorizac).  (A)  Wilson.  1974a:  169. 

BLIGH  SOUND  (44  45'S,  167  34'F)  to  CASWELL 
SOUND  {45"00'S.  I67"08'E).  See  also  LOOKING 
GLASS  BAY  and  HOUSEROOF  ROCK. 
( 1974),    Jan-Feb.  estimate  of 500- 1  500.  Wilson, 
1974a:  176. 
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BREAKSEA  I.  (45  '34'S.  166  38'E) 

1792,       Nov.  great  number  of  seals  (Murrj). 

HRNZ,  2:512. 
179S,      Oct.  1 5  killed  on  "seal  isJands"  (Muny). 

HRNZ,  2:523. 
1947,      Dec.  tess  than  lOO(Falla).  (C) Soiensen, 

I969a:52 

(1974),  Jan.-Feb.  estiniale  of  110-160.  Wilson, 
1974a:  174. 

CAPE  PROVIDENCE  (46'WS.  166  28  E). 

1969.      Dec.  c.  ISO  counted  (Begg  and  Begg). 

(  A)  Wilson.  I974;i:17l. 
(1974),    Jan.-Feb.  estimate  of  KXMOO.  Wilson. 
1974a:  171. 

CASCADE  POINI  (44"0I'S,  168"22'E). 

1909,      a  few  occur.  Waite.  1909:548. 

1934.      Nov  200  on  olTshore  reer(FaUa).  (B) 

Sorensen,  l%9a:52. 

1946.  300    killed    (Roderiquc).  Wilson. 

1974a: 178. 

1947,  Dec.  25  on  offshore  reef,  maximum  of 
SCO  on  point  (Falla).  Sorensen, 
l%9a:52-3. 

1964^      May.  132  on  point  (Gaskin).  Sorensen, 

1969:11. 

(1974).  Jan..Feb.  estimate  of  1  SOO-3  000.  WU- 
son,  1974a:  178. 

CASWBLL  SOUND  (4SWS,  IdTtWE)  to  CHARLES 
SOUND  (45"02'S.  I67"05'E) 
(1974).    Jan.-Feb.  estimate  of  50-300.  W  ilson, 
1974a:  175. 


CHALKY  I.  (46''03'S.  166  32'!:) 

1947,      Dec.  i  000  (i  aila).  Sorensen,  l%9a:68. 

1963,  Feb.     1200     (Murrell).  Wilson. 

1974a:17I. 

(1974).    Jan.-Feb.  estimate  of  1  100-1  800.  (B) 
Wilson,  1974a:  171. 

CHE  I WODE  IS.  (40"54'S,  174  05'E). 

19SS,      36  (Street).  Wilson,  1974a:  192. 

1974,      Oct  33  on  Outer  Island.  (B)  Wibon. 

1974a: 192. 

DOUBTFUL  SOUND  (45''I7'S,  166'52'E). 

1964,  May.  109  on  Seal  Rock  (Gaskin).  So> 
rensen.  1%9:I1. 

(1974),    Jan  Feb.  estimate  of  I0O-7S0.  Wibon. 
1974a: 175. 


D'URVILLE  I.  (40"50'S.  !73'52'F) 

1964,      colony  reported.  (C)  Street,  1964: 1. 
(1974),    Jan.-Feb.  estimate  of  lS-40.  (B)  Wilson, 
1974a:  191. 

DUSKY  SOUND  (at  45*50^  166'2S'E).  see  also  SEAL 

IS. 

1773.      Apr.  seals  hunted  on  small  rock  islands 
(PickersgOl).  HRNZ.  2:187:  Beagleho- 

Ic.  1961:111  ct  scq. 
1792.      Dec.-Sep.  1793.  c.  4  500  skins  taken  by 
gang    of    the    Brittania.  HRNZ, 

1:178.182. 

1974,      colony  reported,  estimated  at  25-100. 
(C)  Wilson.  1974a:  172. 

FIVE  FINGERS  PENINSULA  (45  44'S,  166"28'E). 

Colonies  undoubtedly  worked  by  sealers  based  at 
Dusky  Sound  during  first  half  of  the  19th  Century,  see 
HRNZ,  HRA. 

1946.  Jul.  1  047  skins  taken.  (A)  Sorensen. 
I969a:40. 

1947,  Nov.  estimate  of  2  000  (Falla).  Sorens- 
en, l%9a:68. 

(1974).    Jan.-Fcb  csmnaic  of  2  500^5 OOa  (A) 
Wilson,  174a:  1 73. 

GEORGE  SOUND  (at  44  50'S.  16T2rE). 

1958.      Jul  colonv  of  200.  photo  in  Sorensen. 

1969:35. 

(1974),    see  Wilson  1974a:  176  for  details  of 
other  Gok>nics  in  this  region. 

GILLESPIES  BEACH  (43'24'S.  169*50^). 

1972,     Aug.-Scp.  maximum  trf'c  500  Wilson, 
1974a:  1 79. 

(1974).    Ian.-Feb.  estimate  of  15-25.  (B)  Wilson, 
1974a:  179. 


GREEN  IS.  (46"I4'S,  166  47'E)  and  WINSOR  POINT 
(46-12'S.  166*39^)l 

(1974).    Jan.-Feb.  esttroate  of  250-800.  Wibon, 
1974a:  170. 

GULCHES  HEAD  (46'06'S.  166  34^) 

1946.      Jun.  39  skins  taken,  including  pups.  (A) 

Sorensen,  1969a:40^1. 
(1974).    Jan.-Fcb.  doubtful  estimate  of  50-175. 
Wilson,  1974a:  170. 

HAMl  Rl  BLUFF  (42"33'S.  l73"31-[  i 

1972.      JuL  108  counted  (Hay  and  ChaUies). 
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Wilson,  1974a:  188. 
(1974).    Jan.-Feb.  estimate  of  10-40.  (B)  Wilson, 
1974a:  188. 

HOUSEROOF  ROCK  (44*52'$,  167'>I6'E). 

(1974).    several  hundred.  Wilson.  1974a:  176. 

KAIK.OURA  PENINSULA  (42'26'S.  m'43'E). 

1930-51.  seals  first  observed  in  quantiQr.  (Gor- 
man). Sorcnsen.  I%9:27. 

1956.  Ma).  46  (Bell)  Slonchouse,  1965. 

1957.  Dec.  count  of  7.  Slonchouse,  1965. 

1958.  maximum  of  270  (Gorman).  Sorensen. 
1969:27. 

1960-64,  estimateof  60-150.  Slonchouse.  1965. 
(1964).     estimate  of  150-270.  Street.  1964: 1. 
1964.       Mu\-Jun.    520    (Gaskin).  Soren.sen, 
1969: 11. 

1967-69,  Mav-Jul.  maximum  of  800.  Stirling. 

1970:767. 

1973.       Jan.  233  (Hav).  Wilson.  I974u:  188 
(1974>.    Jan.-Feb  estimated  235-250.  (B)  WU- 
son.  1974a:  188. 

LONG  REEF  (44-20'S,  167'59'E). 

(1974),  Jan.-Feb.  estimate  of  100-300.  (A)  Wil- 
son, 1974a:  177. 

LOOKING  GLASS  BAY  (44  45'S.  167°I5'E). 

1964,  May  63  counted  (Gaskin).  Sorensen, 
1969:11. 

MOTUNAl'  1.  (43'04'S.  1 7.105 'F). 

(1974),  regular  haul-out;  numbers  peak  at  c.  10 
in  Sep.  Wilson  1974a:  177. 

NANCY  SOUND  (45  Q6'S.  167  05  E). 

(1974),  Jan.-Feb.  estimate  of  100-400,  on  is- 
lands off  Anxiety  ?mnL  (?A)  Wibon, 
1974a:  175. 

NUGGET  POINT  (46  27  S  16949'F) 

1934.      seals  fust  a-poried  (Fish.  MgL  Files). 

Wilson.  1974a:  183. 
1964.      up  lo  M)  seen.  Street,  1964: 1. 
1971,      Nov.  62  counted  (lighthouse  keeper). 

WUson.  1974a:  184. 
(1974),    Jan.-Feb.  estimate  of  5-8.  Wilson, 

1974a:  183. 


OPEN  BAY  IS.(43"52'S.  168  53  F). 

1964,       May.     1  300  (Gaskin). 
1969:11. 


Sorensen, 


1968.       Sep.  I  000.  Stirling,  1970:768. 

1970,  Jan.  545  pups  on  Taumaka  1.;  popula- 
tion estimated  at  2  750.  (A)  Crawley 
and  Brown,  1971:394 

1973.  Feb.  156  pups  on  Popotai  I.;  population 
estimated  at  825.  (A)  Wilson, 
1974a: 178. 

(1974),  Jan.-Feb.  estimate  of  2  700-3  900  for 
island  group.  Wilson,  1974a:  179. 

OTAGO  PENINSULA  (45  SI'S,  17044'E). 

1913.      seals  first  sighted  at  Taiaroa  Head. 

Wilson.  1 974.1- 1 

1964,       650  counted.  (C  )  Street.  1964:1. 

(1974),  Jan .- Feb.  estimate  of  270-290  for  Cape 
Saundcr>  only;  estimate  for  rest  of  pe- 
ninsula 550-700.  Wilson,  1974a:  184-5. 

POISON  BAY  (44"39'S.  167'38'E) 

(1974),  Jan.-Feb.  estimate  of  100-300.  Wilson. 
1974a:  177. 


PRESFRVATION  INLET  (46WS.  166'*46'E). 

1930's,  important  centre  for  whaling  and  seal- 
ing, see  McNab.  1913:85  et  seq.  for  de- 
tails of  skins  taken. 

RUAPUK.E  IS.  (46  45'S.  168  30'E). 

1946,      small  rookeries  oo  man\  of  the  outliers 

(Falla).  (A)  Sorensen,  1 969a: 67. 
(1974X    Jan.-Feb.  doubtful  estimate  of  50-200. 
Wibon,  1974a:  165. 


SEAL  I.  (BREAKSEA  SOUND  at  45  35'S.  166  37  E  ) 
1773.      seals  .  here  in  plenty  (Cook).  Beagk- 

holc.  1961:135. 
1947.       Dec  c.  100  (Falla).  .Sorensen.  1969a:S2. 
1971.       Dec.  68  (A)  Wilson.  1974a;  174 
(1974),     Jan.-Feb.  estmiate  of  125-160.  Wilson, 

1974a:  174. 


STEPHENS  I.  (40  40'S.  I74"00'F), 

1972,      Jul.   estimate   of   110-135.  Wilson. 
1974a:  191. 

(1974).    Jan  1  ch  estimate  of  20-30.  Wilson, 
1974a:  191. 

TAURANGA  RAY  (41  46'S.  171'27'E). 

1972.      Oct.  c.  30  on  headland;  60-75  on  island. 
Wilson  1974a:  182. 
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THREE  STEEPLES  (41  44'S,  171 '28  E). 

1874,      Jan.  II  snb  ooUected  (Hector).  (A) 

Clark.  1875:659. 
1909,      a  few.  Waile,  1909:548. 
1940*8,    seab    bleeding    (Falla).  Witson. 
1974a:  182 

1964,       May  a  duz«n  or  so  (Gaskin).  Wilbon. 
1974a:  182. 

1969,       7  counted  (Gaskin).  Sorcnson.  1969:  II, 
1972,      OcL  168  counted.  Wilson.  1974a:  182. 
(1974X    JaiL-Feb;  estimaie  of  2MM50.  Wtbon, 
1974a:  182. 

WANGANUl  RIVER  (431)2^,  l7Cr26'E). 

1972,       Auii  c.  40(>  seen,  niainlv  at  OieeiU 

Beach.  Wilson,  1974a:  181. 
(1974),    JaiL^eb.  estimate  of  20-30.  Wilson, 
1974a:  181. 

WEKAKURA  POINT  (40^5'S,  172102'E). 

1974,      Jun.  c.  250  counted  (Mcredyth-Young). 

(A)  Wilson.  1974a:  183. 
(t974X    Jan.-Feb.  esamate  of  200-300  (A)  Wil- 
son, 1974a:  183. 

YATES  POINT  (44'30'S,  l6r49'E). 

1972,      Sep  250-300  pups  (Cragg).  (A)  Wilson, 
1974a:  177. 

(1974),    Jan.-Feb.  estimated  total  of  300-650. 
Wilson,  1974a:  177. 


MAJOR  ISLANDS,  including  Macquarie  1. 

ANTIPODES  IS.  (494rS,  17843'L).  discovered  1800. 
1804-06,  60  000  skins  taken  hv  pioneer  gang.  (A) 

Redwood.  I'm  }<)  ' 
(1927),    seals  rarely  seen  (Bollons).  Sorctisen, 
I969a:64. 

1946,      no  re-estahlishment  (Falla).  Sorensen, 

l%9a:23. 

1969,      Feb.  1  100  counted,  between  North 

Cape  and  Albatross  Point  (Taybr).  (C) 
Sorensen,  I969a:79. 

AUCKLAND  IS  (50-50  5.  166'00'EX  discoveied  1806. 
Flora  and  Fauna  Reserve. 
1807,      sealing  begun.  Redwood,  1930:44. 
1823,       13  OCX)  Cur  seal  skins  taken  bv  gang  fh>m 

the  Henry.  (A)  Morrell,  1832:363. 
prior      main  perkid  of  sealing.  McNab, 
1826  1909:344. 


1830,  Jan.  no  fur  seals  found.  Morrell, 
1832:360. 

1864^  black  seals  in  W  arm  of  Camlcy  Har- 
bour. (C)  Musgravc,  1865:19. 

193945,  fewseen.  Sorensen.  1951:33. 

1945,  many  of  best  nxikery  sites  still  deserted 
(FaUa).  Sorensen.  I969a:23. 

(1948),  possibly  several  thousand,  but  no  real 
d.ita  available  (Falla).  Sorensen, 
iy69a:65. 

1972,  Dec-Jan.  1973.  estimate  of  1 000.  (A) 
Wilson,  1974. 

BOUNTY  IS.  (47°4rS,  179  03  E),  discovered  1788. 
Flora  and  Fauna  Reserve. 
1804,      Feb.  a  few  seals  nwnd  them.  Delano, 

1817:475. 

1807.  8000  skins  taken  in  6  months.  Red- 
wood. 1950:26. 

1831,  5  only  seen  al  breeding  time  (Biscoe). 
Falla.  1948:154. 

1904,      winter,  more  than  60  (Cockayne). 

Darby,  1970:174. 
1907,      one  or  two  seen.  Waite,  1909:548. 
1909.      quite  a  small  colony  (Bollons).  (B) 

Waite,  1909:548. 
1927,      3  000,  estimated  from  photos  (Falla). 

(A) Sorensen.  1969a:64 
1948,      Jan.  several  thousand,  many  of  them 

new  pups.  77ie  Pwxt.  Chiistchurch. 
1950,      Nov  csiimaic  of  5000-6  000  (FaUa). 

Wilson,  1974a;203. 
1968,      Jan.   estimate    of   10000.  Darby, 

1970:177. 
1974.      5  500.  Wilson,  1974a. 


C  AMPBELL  I.  (52  33'S,  I69108'E),  discovered  1810. 
Flora  and  Fauna  Reserve. 
1810,      15  000  skins  taken  by  pioneer  gang. 

FaUa,  1948: 148. 
1831,      170  skins  obtamed     Venus,  prospects 

encouraging     (Harvey).  McNab. 

1913:88.'^ 

1834-38,  165  skins  obtained  1^  gang  of  4. 

McNab.  1913:243.470,  479 
1922.      284  skins  declared  for  royalty.  Sorens- 
en, 1969a:  16. 
1924,      66  sk  i  n  s  d  edaicd  for  royalty.  Sorensen, 

l%9a:16. 

1927,      maximum  of  1 000  (Bollons).  (A)  So- 
rensen, l969a:6S.  459 


ILM.  WARNEKE 


1948. 
1958. 


minimum  of  2  000  (Falla).  (A)  Sofcns- 

cn,  i%9a;65. 

Jaii.-Peb.  count  of  771,  inchiding  71 

pups,  considered  well  below  actual 
number  (Street).  (A)  Bailey  and  So- 
1962. 


CHATHAM  IS.  {44°50'S.  176'30'E).  discovered  1791. 
1809,      visited   hv  scaling  vessd  Pegasus. 

McNab,  1909:161. 
1818,      visiled   by  sealing  vessel  St^Ma. 

McNab.  1909:230. 

1830,  Feb.  seals  skin  bought  ofT  by  the  Sa- 
mueL  McNab.  1913:84. 

1831,  N0V.7skinsohtaincd  hv  the  Ttila.  at  the 
Foity-Fours  (Biscoc).  McNab.  1913:87. 
419:  HRNZ,  2:558. 

1831,  Dec.  16  skins  obtained  at  Sisters  Rocks 
(Biscoe).  McNab.  1913:87,421. 

1831,  Dec.  no  seals  on  likely  ^unds  at 
GomwaUis  Is.  (Bisooe).  McNab. 
1913:420. 

1937,  breeding  colonies  on  outlying  Star  Keys 
and  Forty  Fours,  the  latter  densely  po- 
pulated    (Falla).     (A)  Sorensen, 

1969a;  64. 

1946,      steady  increase  (Falla).  (A)  Sovensen, 

I%9a:23. 

1948,  non-breeding  groups  on  main  island:  c. 
10  seen  at  South-East  I.  (Abeniathy). 

(C)  Sorensen.  1969a:64. 

1948  maximum  of  2  000  (Falla).  (A)  Sorens- 
en, 1969a:64. 

1974  2  my  WiK.m.  1974:  see  1974a:  196-201 
lor  detailed  counts. 


MACQUARIE  I.  (S4*40^.  158*50^),  discovered  1810. 
1810-11,  57  0(X)  skins  taken  by  pioneer  gang. 

Cumpston,  1968:17. 
1815,      fbr  seal  colonies  exhausted.  Cumpston. 

1968:35. 

1831,      no  success  by  the  Venus,  McNab, 
1913:88. 

1852,      gang  taking  elephant  seals  found  no  ftar 

seals.  Gwyno,  1953:2. 
1919-48,  a  few  Air  seals  in  summer.  Gwynn, 

1953:2. 

1929-30,  none  seen  by  researdi  expedition. 

Gwynn,  1953:2. 
ISM6,      no  re-establishnient  (Falla).  Sorensen, 

1969a:23. 


1948,       small  eroup  found  hv  A.N.A.R.E.  team. 

Csordas.  1962:226. 
195a      174at  North  Head. Csordas,  19^:256. 
1955,      first  record  of  bleeding.  (A)  Csordas. 

1963a:257. 

1950-64,  stmifflcr  counts  at  North  Head,  rising  to 

maximum  of  474.  (A)  Csordas  and 
Ingham,  1965:88. 
1959.      540  counted  on  E.  coast.  (A)  Oordas. 

1965,      I  cb.  2  lur  seals  on  Clerk  Islet.  Mac- 

Kenzie,  1968:245. 
1965,       Mar.  637  at  North  Head,  new  croups  in 

excess  of  100  at  NW  and  S£  ends  of 

island.  Johnstone.  1972:522. 
1971,      total  population  estimated  at  900-1  000. 

(A)  Johnstone.  1972:522. 


SNARI  S  IS  (4KrHrs.  166'35'E),  discovered  1791. 
Flora  and  1  auna  Rescr\'e. 
1791.      Nov.  vast  number  of  oceanic  birds,  seals 
and  pencuins  (Menzies).  HRNZ.  2:495. 

1803.  visited  by  sealing  vessel  Endeavour. 
McNab,  1909:136. 

1804,  Feb.  a  number  seen  swimming  offsho- 
re. Delano.  1817:474. 

1810-17,  marooned  gang  took  only  I  300  skins. 

McNab.  19(10:224 
1830.       Jan.   no   fur  seals   Ibund.  Morrell, 

1832:363. 

1880,      onlv  2  seen  (Fairchild).  Chapman, 

1891. 

1909,      cdony  known.  Waite,  1909:548. 

1915,       300  skins  taken  by  one  gang  (Falla).  (B) 

Sorensen,  1969a:  24. 
1944,      maximum  of  20  young  bulb  at  Boat 

HarKnir  (Falla)  Sorensen.  1060a:66. 

1947,  Nov.-Ucc.  2  000  on  mam  island,  less 
than  1 000  on  Broaghton  I.  and  We- 
stern Reef  (Falla).  (A)  Sorensen, 
1969a:66. 

1948.  Jan.-Feb.  maximum  of  200  on  main  is- 
land. Richdale.  (n.d.):113. 

1970,  Nov.-Dec.  1  150  on  main  island:  1 15  on 
Broughton  I.  Crawley.  1972:120. 

SOLANDER  I.  (46  VVS.  I(>6  54-E).  discovered  1770. 
1803,      May.  few  seals  found  by  sealers. 

McNab.  1909:135. 
1808-13.  5    ciIlts  on  the  island.  McNab, 
1909:207-212. 
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1946,  Jun.  95  skins  taken,  mainly  females  and 
fnipsCRapson).  (A)  Soremen.  1969a:40. 

1947,  Dec,  ni;ixinnim  of  I  000.  including  noi 
more  than  300  females  (Falla).  Sorcns- 
en,  ]969b:S1. 

1948,  Aug.  Herd  augmented  by  non-breeders, 
total  about  2  000  (Falla).  Sorensen. 
I969a:68. 

1974,      5  000  Wilson.  1974a,  see  pp,  167-9  for 

detailed  counts. 

STEWART  I.  (4T00'S.  I68T10T.)  and  asstKiatcd  is- 
lands. Charted  m  part  1770.  found  to  be  an  island 
1809.  or  eariier.  McNab.  1909:158. 
1808-09.  several  vessels  from  Svdnev  scaling  in 

the  area.  McNab,  1909:156. 
1948.      Jul.  300  on  Bench  I.,  total  population  of 
Stewart  I.,  Big  South  Cape  I  .  and  Pou- 
tama  I.  about  2  0(X).  Seals  .seen  but  not 
counted  on  Breaksea  1..  Mogi  I.  and 
Cocinsh  I  (Talla)  Sorensen,  l%9a:67. 
1961,      Jan.  150  on  Bench  1.  Street,  1964: 1. 
1974,      summer  population  c.  3  ISO.  Wilson. 
1974a.  see  pp.  ISO^iS  for  detailed 
counts. 


CLARKE  I.  (40  35'S.  148  H  E). 

1798.      Feb.  laife  hair  seals  at  Seal  Point  (C) 
FUnders,  1814(l):cxxviii. 

KENT  GROUP  (3y30'S,  I4710'E>. 

1802,       Dec  seals  and  hair  seals  seen  (Grimes). 
(C)  ShilUnglaw,  1879:15. 

PASSAC5F  I  (4n',irS.  I4S'20'C).  once  known  as  SFA 
LION  I.  Plomley,  1%6:442;  Delano,  1817:433. 
1788,     Feb.  possibly  on  this  island  at  that  time. 
(Qsee  Flindeis.  1814(l):cxxxiii. 

LITTLE  ANDERSON  1.  (40'17'S,  148^7'Ey.  once 

known  as  HAIR  SEAL  I. 
I830's.     evidence  of  name  only.  See  Plomley. 
1966:273. 

TASMAMAN  COASI. 

Remains  found  in  aborigines*  kitchen  middens. 
Wood  Jones,  1925:363. 

WATERHOUSE  1.  (40'48'S,  147^7'E). 

1798,       covered  with  sea  birds  and  hair  seals. 
(C) '  Flinders,  l8l4(l):cU. 


Appeudbc  E 


DATA  ON  THE  DISTRIBUTION  AND  ST  ATI  S  OF 
THE  AUSTRALIAN  SEA  LION.  NEOPHOCA 
CINEREA. 

Also  known  as  Councillor  seal  and  White  capped  sea 
lion:  known  to  the  early  sealers  as  hair  seal 


Key  to  status: 


A  breeding  colony. 
B  non-breeding  colony. 
C  status  unknown. 


TASMANIA  AND  BASS  STRAIT 

ANSER  I  (39WS,  146'19'E). 

1840*S,  said  to  occur  (localitv  possiblv  in  error, 
most  probably  Kanowna  I.  nearby). 
Doome.  1874. 


SOUTH  AUSTRALIA 

CASUARINA  I.  {^(^(^hS.  136*42'E),  also  known  .is 
THE  BROTHERS,  part  Flinders  Chase  National 
Park,A:NPWS. 

1973,  I"cb.  about  10  in  view,  among  fUT seals 
(Wamckc).  (C)  V1C:FWD. 

DANGEROUS  REFF  (M  49'S.  136  irF) 

1925.      colony  known.  (C)  Le  Souef.  1925: 1 13. 

1966.  Oct.  large  number  of  very  voung  pups. 
(A)  Marlow.  1968:39. 

1967,  Jul.  count  of  160.  Marlow,  1968:42. 
1967.      Oct.  30  (decline  thought  due  to  disturb- 
ance) Marlow.  1968:42. 

1974.  possibly  the  major  breeding  colony  m 
South  Australian  waters.  (A)  Marlow 
and  King.  1974: i:6 

1974.  maximum  ol  400  dunng  the  breeding 
season.  (A)  King,  pers.  comm. 

1975.  Sep.  580-670.  including  200-500  Uve 


BATTERY  1.  (40  28'S.  148  H  E). 

1798,      Feb.  laige  hair  seals  seen.  (C)  FUnders, 
1814(l):cxxviii. 


I  A  dottbtflil  record  for  this  species  as  Flindeis  passed  at 
a  distance  of  about  \5  km  and  none  of  his  party  landed. 
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pups:  64  dead  pups  (Needham).  (A) 
Ung  and  Walker.  1976:64. 
1975.     Nov.  4I(M60^  jadndmg  180-220  pups 
(Needham).  (A)  Ling  and  Walker, 

1976:64. 

DOG  I.  (32°29'S,  133"20'E).  part  Isles  of  St  Fnmds 
Conservation  Park.  SA:NPWS. 
1802,      Feb.  seals  killed  (FMndeis  Roug^  Log). 

Ccxipcr.  1953:69. 
197S,      Jun.  22,  including  6  pups.  (A)  Ling  and 
Walker,  1976:64. 

ENGLISH  1.  (34''38'S.  136''12'E),  part  Sir  Joseph  Banks 
Groups  Conservation  Park,  SA:NPWS. 
196S,      Nov.  42,  including  males,  Tcmales  and 

juveniles.  (C)  (Aitken).  SAM. 
1972,      population,  with  that  of  Lewis  I.,  about 

SO(Fairbank).  Stirling,  1972a:g. 
1975,      Jun.  count  of  53.  Ung  and  Walker. 
1976:64. 

1975,      Nov.  115,  including  36-40  pups  (Need- 
ham). (A)  Ling  and  Walker.  1976:64. 

EVANS  L  (32^2'S.  113'28'E). 

1925.      colony  known.  (C)  Le  Souef,  1925: 1 16. 

FENELON  L  (32^5*$.  133'17'E),  part  tales  of  St 

Francis  Conservation  Park.  SA:NPWS. 
1972,      small  colony.  (C)  Wace,  pers.  comm. 
1975,      Jun.  28.  no  pupa.  (C)  Ung  and  Walker. 
1976:64. 


1974,  Jun  63. including  l2pups.(A)Lingand 

Walker.  1976:65. 

FREELING  I.  (32 '298.  133''2I'E). 

1975.  Jun.  count  of  20.  (C)  Ling  and  Walker. 
1976:65. 

GAMBIER  IS.  (35  lO'S,  13627'E). 

1945,      Apr.  2  on  Soutti-West  Rock  (Fowler). 

(C)CSIRO 

1975,      Nov.  72,  including  8  pups  on  North  1.; 
74on  B  Fteaked  Rock;  18  on  W  Peaked 

Rock;  32  on  South-WestRoGk.(A)Ling 
and  Walker.  1976:64. 


GOAT  I.  (32"18'S.  133  30'E).  part  Nuyt's  Archipelago 
Conservation  Park.  SA:NPWS. 
1802,      rch   4  hair  seals  taken.  Flinders, 

1814(1):  113. 

1802,  Feb.  the  seals  killed  were  of  die  hair 
kind  and  not  numerous  (Flindeis 
Rough  Log).  Cooper.  1953:7U. 

1925.     colony  known.  (C)  Le  Souef,  1925: 1 16. 

GREENLY  1.  (34''39'S.  134"47'E). 

1947,      Nov.  more  numerous  than  fur  scab. 

Finlavson.  1948:38. 
1947,      Dec  minimum  of  100,  indudtng  pups. 

(A)  MitcheU  and  Behmdt,  1949: 172. 
1974,      Mar.  c.  10  (FkU  NaturaUsls  group).  S. 

AusL  Atat  49:43. 


FLINDERS  1.  (33''43'S,  134''30'E). 

1802,      Feb.  seals  numerous  (Brown).  Cooper, 

1955:69 

1802,      Feb.  harems  of  4  to  5  females,  every  200 
to  300  yards  of  beach.  (A)  Flinders, 

1814(1):  125. 

1802,      Feb.  several  hair  seals  killed  (Flinders 

Fair  Log).  Cooper,  1953:39. 
1968,     Jun.  2  males.  (Aitken),  SAM. 

FOUR  HUMMOCKS  (34*46'S,  135'01'E),  part  Whid- 

bcv  Isles  Conservation  Park,  SA:NPWS. 
1966,      Oct.  non-breeding  colony.  (C)  Mark)w, 
1968:39 

FRANKLIN  I.  (3r29'S.  13T2rf-) 

I%9.       Feb.  11,  includmg  females  and  juven- 
iles. (Aitken),  SAM 
1971,      Apr.  count  of8.  (Aitken),  SAM. 


HOPKINS  I,  (34  58'S,  136  04  E). 

1974,  Mar.  17,  including  males,  females  and 
juveniles.  (.Aitken).  SAM. 

1975,  Jun.  40-50.  Ling  and  Walker,  1976:64. 
1975,      Nov.  count  of  79.  Ling  and  Walker, 

1976:64. 

KANGAROO  I.  (35^0«,  l3ri5'E). 

1802,  Apr.  hair  seals  at  Kangaioo  Head. 
Flinders.  1814(1):  169. 

1803,  Jan.  great  number  of  otaries  on  the 

beach  (Baudin).  Cornell.  1974:467. 
1803,       14000  fur  and  hair  seal  skins  taken 

(Pendleton).  Fanning.  1833:319. 
1969-70,  minimum  of  200  at  Seal  Bay,  Stirling 

1972a:4. 

1972,  abundant  skeletal  remainson  small  islet 
at  West  Bay.  Stirling  1971a:276; 
1972a:  10. 
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1972,  colonies  at  Capes  Boug^  and  Borda. 
(C)  Stirling,  1972a:  1. 

1974,  383  ooonfed  at  Seal  Bay;  breeding  oc- 
curs at  adjacent  bay,  of  prohibited 
entry.  (A)  SA:NPWS. 

1975.  Feb.  5  at  West  Bay:  16  at  Cape  do 
Couedic.  Ling  and  Walker.  1976:64. 

1975,  Oct  370  at  Seal  Bay;  16  at  Cape  Gan- 
Iheaume;  29  at  Cape  Bouger.  Ling  and 
Walker.  1976:64 

KIRKBY  1.  (34'33'S,  I36°I3'E). 

1802,      Mar.  a  few  hair  leab  adiore.  Flinden, 

1814<l):153. 

1802,  Mar.  a  few  killed  (Flinders  Fair  Lu^>. 
Cooper,  1953:50. 

LEWIS  1.  (34"58'S,  136 "01  E),  part  Lincoln  National 
PailE,SA:NPWS. 

1972,  population,  including  that  of  English  I., 
about  SO  (Fairbank).  (C)  Stirling, 
1972a:8. 

1975,      Jun.  56.  count  minimaL  Ling  and  Wal- 
ker, 1976:64. 
1975,      Sep.  45^5.  induding  pups.  (A)  Ling 

and  Walker.  1976:64 
1975,      Nov.  count  of  26.  Ling  and  Walker, 
1976:64. 


UTTLE  I.  (34"57'S.  I36'X)2'E) 

1975,      Jun  count  of  20.  (C)  Ling  and  Walker, 

1976:64. 

1975,  Nov.  count  of  la  Ling  and  Walker, 
1976:64. 

LOUND  1.  (32'16'S,  133"22'E). 

1945,      Apr.  4  (Fowler).  (OCSIRO. 

NEFTUNE  IS.  <N  GROUP:  SS'M'S*  136X14'E;  S 

GROliP:  35"I9'S.  n6°06'E).  Neptune  blanda 

Conservation  Park,  SA:NPWS. 

1945,      Apr.  c.  12  on  N  isfaind  of  S  group:  none 

on  N  gmup  fFowlcr)  (C)  CSFRO 

1966,  Oct  no  evidence  of  breeding  at  S  Nep- 
tunes.  Marlow,  1968:39. 

1969-70.  summer.  80-100,  including  adult  males 
and  females  with  pups,  mainly  at  N 
end.  (A)  Stirling,  1972:272. 

1972,  breeding  colony  at  N  group.  (A)  Stirl- 
ing, 1972a:  10. 

1975,  Sep.  55  at  N  island  (of  S  group).  Ling 
and  Walker,  1976:64. 


PAGES.  THE  (34"47'S.  I38"I7'EX  The  Phgcs  Cottser- 
vationPark,SA:NPWS. 

1837,     some  seab  of  a  ydtowish  coloiir,  with 

black  muzzles.  Backhouse.  1843:508. 
1945,      Apr.  20-25  (Fowler).  (C)  CSIRO. 
1972,      oolony  known.  (C)  Stirlfaig,  1972a:8. 

PERSON  I.  (33"27'S,  134"17'E).  part  Investigator 
Group  Conservation  Park,  SA:NPWS. 
prior      rookery  visited  during  breeding aeaaon. 
1925.       (A)  Wood  Jones,  1925:372. 
1945,      Apr.  30-40  on  E  side  (Fowler).  (C) 
CSIRO. 

1966,      Oct.  non-breeding  oolony.  (B)  Martow, 

1968:39. 


POINT  LABATT  (33*09^.  134'16'E).  a  prohibited 

area,  SA:NPWS. 

1966,      over  SO  at  haul-out  site.  (B)  Stirling. 
I972a:7. 

1969,  Mar.  32,  including  males,  females  and 
juveniles.  (.Milken),  SAM. 

1970,  less  than  30.  Stirling,  1972a: 7. 

1975,      May.  count  of  35.  Ling  and  Walker, 
1976:65. 

PRICE  L  (34'42'S,  135*17'E>,  pait  Whidbey  Isles  Con- 
servation Park.  SA:NPWS. 
1925.      colony  known.  (C)  Lc  Soucf,  1925: 1 16. 

PURDIE  I.  (32"I6'S.  I33-I4T.). 

1945,      Apr.  30-40  (Fowler).  (C)  CSIRO. 
1945,      May.  80  (Fowkr).  (Q  CSIRO. 

SINCLAIR  1.  (32°08'S,  133*00'E). 

1945,      May.   count  of  20  (Fowler)  (Q 

(CSIRO). 

SMOOTH  I.  (33  ^Q'S.  1 33  •20'F.).  part  IslesofSt  Frands 
Conservation  Park,  SA;NPWS. 
1802.     Feb.  seals  killed  (FlindertRotigh  Log). 
(Q  Cooper,  1953:69. 

ST.  FRANCIS  I.  (32*^,  133*17'E),  part  bles  of  St. 

Francis  Conservation  Park,  SA:NPWS. 

1802,      Feb.  seals  seen,  2  shot  (Brown)  (C) 

Cooper,  1955:64. 
1802,       Feb.  a  few  hair  seals  seen  (Flinders 

Rough  Log).  Cooper,  1953:33. 
1975,      Jim.  3,  including  1  pup.  (a)  Ling  and 

Walker,  1976:65. 
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ST.  PETER  I. 
1802. 


(3ri7'S,  133'35'E). 
Feb.  a  few  individuals. 
Ffcydnet.  1816:118. 


Peron  and 


THISTLE  I.  (35WS,  136"(MJ'E). 

1802,     Feb.  aeab  on  the  beach.  (C)  Ftiiidefs, 

I814(I);I33. 

197S,      Nov.  1  only  seen.  Ling  and  Walker, 
1976:64. 

WALDEGRAVE  L  (33°36'S.  134"49'E),  Waldcgrave 
blands  Conservation  Fark,  SArNPWS. 
1802,      Feb.  abundance  oF  scab   several  fam- 
ilies (Brown).  (A)  Cooper,  1955:68. 
1802,      Feb.  a  few  bair  aeds  killecL  FlindciB, 
1814(1):  123. 

WARDANG  I.  (34'30'S,  imi'E). 

1972,     small  colony  on  nearby  island  (C) 
Stirling.  1972a:7. 

WILLIAMS  I.  (SS-Oa-S.  135"58'E). 

1974,      Mar  3  females  observed.  (Aitken), 

SAM. 


1963,      N  and  S  islands  Irequented.  (C)  Ford, 

1%3: 139. 

CHEYNF.'S  BEACH  (34"53'S.  I18"23'E). 

1959,      common.  (C)  Storr,  1%5: 1%. 

DAW  I  (38  ^rs,  124'n7T.).  also  known  as  CHRIST- 
MAS L,  part  Reserve  A22796. 
1950,     Nov.  65  on  beach,  and  number  of  ha- 
rems. (A)  Serventy,  1953:48. 

DEPUCH  I.  (20^8'S.  Iir43'E). 

1801,  seak  recorded.  (C)  Peron  and  f-rcvcin- 
et,  1816:33,  but  see  report  of  Ron&ard, 
in  PcTDn,  1807:131. 

DOUGLAS  L  (34  lO'S.   123°08'E),  part  Reserve 
A22796. 

1945,      May.  c.  6  (Fowler).  (C)CSIRO. 
1950,      Nov.  c.  10,  including  1  harem.  (A)  Ser- 
venty, 1953:48. 


DYERS  I.  (OlTRoUncsl  I.:  32"OrS.  1 15  31'E). 
1975,      esumaic    of    110  (Burbidgc). 
WA:DFW. 


(C) 


WESTERN  AUSTRAUA 

BALD  I.  (34*55'S,  118^7'BX  Reserve  A25869.  Conaei^ 
vation  of  Flora  and  Fauna.  WADFW. 
1959,       May.  one  seen  ashore.  Storr.  1%) :  196. 
1971,      Oct  15  on  main  island  and  adjacent 

islets  (Smith  and  Buibidge).  (C) 

WA:DFW. 

BEAf.I  F  I.  (29''48'S.  1 14"53'E).  Reserve  26411,  Con- 
servation of  Flora  and  Fauna,  WA:DFW. 
1963.      count  of  100.  (C)  Ford,  1963: 139. 

BOXER  1.  (34^'S,  I2r  lO'E),  part  Reserve  A22796. 
Conservation  of  Flora  and  Fauna,  WA:DFW. 
1950,      Nov.  one  seen  resting  ashoK.  (C)  Ser- 
venty. 1953:48. 

CARNAC  I.  Orm'S,  \\539'E) 

197S,       1-18  commonly  seen  over  past  6  years 
(Burbidgc).  (C)  WA:DFW. 

CERVANTES  IS.  (30"31'S,  n5"03'E).  Reserve  29253. 
Conservation  of  Fkm  and  Fauna,  WA:DFW. 
1945,      Jun.  2  on  N  isbnd  (Fowler).  (C) 
CSIRO. 


EASTER  GROUP  (28"4rS.  Il3"47'r).  part  Reserve 
A20253,  Conservation  of  Flora  and  Fauna,  tour- 
ism and  purposes  associated  with  the  Fishing 

lndu.str>',  WA  DFW. 

1840,      Jan.  many  hair  seals  seen  (Moore). 

Grey  1841(2):  125. 
1840,      Apr  a  few  Kcak  on  Rat  I.  (C)  Stokes, 

1846(2):  145. 

ECLIPSE  I.  (35"irS.  IIT'52'E),  lighthouse  site  under 
the  control  of  the  Federal  Government. 
1974^     small  numbers.  (C)  Marlow  and  King. 
1974:126. 

ESSEX  ROCKS  (3074'S,  ItS^m.  Reserve  29257. 

Conservation  of  Flora  and  Faim  i  W.A:r)FW. 
1963.      N  rock  regularly  inhabited.  (C)  Ford. 
1963:139. 

FIGURE  OF  EIGHT  1.  (34"0rS,  12r36'E>.  part  Rc- 
serveA22796. 

1950^      Nov.  2,  and  about  20  on  off-lying  rock. 
(Q  Serventy.  1953:48. 

FISHERMAN  IS.  (30"08'S.  114'  57'F).  Reserve  29256. 
Ckmservation  of  Fauna,  WA:OFW. 
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1945,      Jun  c.  20  <m  N  islaiid  (Fbwkr).  (C) 

CSIRO. 

1945,      Jul.  22  00  N  idand  (Fowler).  (C) 

CSIRO. 

1963,      60  on  N  island.  (C)  Ford,  1963: 139. 

GARDEN  I.  (32''12'S,  115"4I'E).  named  L'lLE  BUA- 
CHE  by  the  French,  see  below. 
1801,      covered  wiih  seals.  (C)  Peron  and 
Freydnet,  1816:33. 

1801,  Jun.  a  great  number  killed.  Peron, 
1807:184. 

OEORGF.  I  (MW-S.  121"I5'F). 

1945,      Jun.  30  (Fowler).  (C)  CSIRO. 

OLENNIE  I  (34Wi'S.  I2Tn6  F). 

1945,      May  c.  40  including  young  (Fowler). 
(A)  CSIRO. 

1945,      Jun   I  adull  and  juvenile  (Fowler). 

CSIRO. 

GOOSE  I.  (34  '05'S,  123"1 1'F).  part  Reserve  A2270fv 

1802,  Jan.  a  few  hair  seals.  (C)  Flinders, 
I8I4(1):89. 

1803,  May.  party  sent  to  kill  seals.  Flinders, 
18 14(1): 265-6. 

19S0,      Nov.  dead  seal  in  cave.  Seiventy, 
1953:48. 

GREEN  ISI.FTS  (W4rS.  115'06'F) 

1945.       Jun.  I  on  S  i.slet  (I  c.wlcr).  CSIRO. 

HAUL-OFF  ROCK  (34  42'S.  11H  ^*^  F) 

1945,      Jun.  c.  40  (Fowler).  (C)  CSIRO. 
1945.      JuL  20-40  (Fowler)-  (Q  CSIRO. 

HOUTMAN'S  ABROLHOS:  sec  EASTER  and  WAL- 
LABl  GROUPS. 

ISRAELITE  BAY  (at  33"36'S,  123°55'E). 

1945,      May.  c.  6  oo  rocks  (Fowler).  (C) 
CSIRO. 

KERMADEC  I.  (34'06'S.  122*5(KE),  part  Reserve 

A22796. 

1950,      Nov.  c.  40  seaLs  and  a  number  of  ha- 
rems. (A)  Servcniy.  1953:48. 

LION  I.  (33"53'S,  I22°0I'E),  part  Reserve  A22796. 
195(6,     Jan.  I  bidl,  3  fensks  and  1  pup.  (A) 
Lindjren,  1956:101. 


MIDDLE  \.  (34"07'S.  123"!  I'E).  part  Reser^■e  A22796 
1803,      Jan.  a  few  hair  seals.  (C)  Flinders, 
1814(1  ):89. 

MONDRAIN  1.  (34"08'S.  m'H'E),  part  Reserve 
A20253. 

1950,     Nov.  5  ashore.  (C)  Serventy,  1953:48. 

POINT  MALCOLM  (33"48'S,  123  "44'E). 

1945,      May.  1 2  on  rocks  to  SW  (Fowler).  (C) 
CSIRO. 

RED  ISLET  (34°02'S,  1 19'47'E). 

I94S.      Jun.  c  20  (Fowler).  (C)  CSIRO. 

ROCKY  IS.  (Si-OS's.  IVrSTE^ 

1945,      May.  1  (Fowler)i  CSIRO. 

ROTTNEST  1.  (32^1'S,  115°3rEX  Reserve  AI67I3, 
Recreation. 

1801,      Jun.  a  great  number ...  some  were  Uadc 

...  The  furs  of  these  animals  were  mostlv 
fine  and  thick  (Frevcinet).  (C)  Peron. 
1807:189. 

1803,      Mar.  a  few  seals  (fiaudin).  Cornell, 

1974:512. 

1822,     Jan.  a  great  many  in  bay  at  NE  end;  3 
killed,  not  of  the  Atr  species.  (C)  King, 

1827(2):  163. 

ROUND  I  (^4'12'S.  nrm'E).  pan  Reserve  A22796. 
1950,      Nov.  about  20,  and  at  least  3  harems. 
(A)  Serventy,  1953:48. 

SALISBURY  I.  (34'21'S.  123'32'E),  part  Reserve 

A227%. 

1950,      Nov.  20  ashore.  (C)  Serventy,  1953:48. 

SANDI.AND  I.  (30"12'S.  ll4"5q'F).  Reserve  29255, 
Conservation  of  Fauna,  WA:FWD. 
1963,      10;  a  breeding  ootony.  (A)  Focd, 
I963:l39-4a 

SEAL  L  OIXWS,  1  tTSi'B),  Reserve  A2S64S,  Conser- 
vation of  Fauna,  WAFWD. 
1791,      20  seen  at  one  time.  (C)  Vancouver, 
l'»«:73-4. 

1801,      Dec.  seals  encountered.  (Q  Flinders, 
I8I4(I):54. 

1803,     only  30  fimnd  (Pfendleion).  Fanning, 
1833:316. 


RJIil.  WARNEKE 


1803,  Febi  no  seals  (Baudin).  CorneU, 
1974:485. 

1818,     Jan.  semal  seab  of  the  liaiiy**  species; 

Skilled.  King.  1828(1):!  1.19. 

1821,  Dec.  seal  killed  in  Oyster  Harbour. 
King,  1828(2):  126. 

1822,  Jan.  5  seals  killed.  King.  1828(2):  151 

SEAL  L  {drWS,  I1S*42'E),  part  Reserve  A24204. 

Conservation  of  Flora  and  Fauna,  WA:DFW.  No 
evidence  other  than  name. 

SMOOTH  ROCKS  (34''30'S,  1 19^7'E). 

1945,  May.  5  on  largest  rock  (Fowler).  (C) 
CSIRO. 

1945,  Jun.  c.  20  on  S  rode  (Fowler).  (C) 
CSIRO. 

SOUTHnRN  GROUP  (28  28'S,  I3"49'E),  once  known 

as  the  PELSART  GROUP,  part  Reserve  A20253. 

1727,  survivors  of"  the  Zccwyk  ale  147  seals  in 
10  months  at  Gun  I.  (van  der  GraefT). 
OXoughlin,  1967:415. 

1840,  a  quanti^  of  seals  bones  found  in  Gun 
I.  Stokes.  1846(2):  150. 

1840,  Apr.  a  few  seals  on  *Pybart  V*.  (C)  Sto- 
kes, 1846(2):  138 

1966,  Aug.  1  male,  1  female  and  2  juveniles 
on  Jubflee  I.  O'Lovghlin,  1967:415. 

TERMINATION  I.  (34°28'S.  I22"02'E).  part  Reserve 
A22796. 

19S0,      Nov  c  20.  including  1  harem.  (A)  Ser- 

venty,  1953:48. 

THOMAS  I.  (33  "58'S,  12r58'E;).  part  Reserve  A22796. 
1950,      Nov,  I  seal  ashore.  (C)  Serventy, 
1953:48. 

THUNDALDA  (32'76'S,  126t)0'E),  below  coastal  clifls 
near  head  of  Great  Australian  Bight. 
1973,      Oct.  22  in  cave,  including  bulls,  Tcmalcs, 
pups  and  sub-adults.  (A)  Reilly  and 
Johnstone,  pers.  comm. 

WALLABI  GROUP  (28'25'S,  imS'EX  part  Reserve 
A20253. 

1729,      survivors  of  the  Batavia  named  one  of 

the  Group  "Seal  I.",  presumably  be- 
cau.se  of  the  presence  of  seals  (Pelsaert). 
(C  )  Drakc-Brockman,  1963: 1 1 1  ct  aeq; 
Edwards,  1966. 


WEST  I.  (34"04'S.  12n"28T.). 

1945,      May.  70-80  (Fowler).  (C)  CSIRO. 

WESTAI.I.  I.  (34"05'S.  I22"57T).  part  Reserve  A22796. 
1950,      Nov.  c.  10  resting  ashore.  (C)  Serventy, 
1953:48. 


Appendfac  F 


DATA  ON  THE  DISTRIBUTION  AND  STATUS  OF 
THF  NHW  ZEALAND  SEA  UON,  PHO- 
CARCTOS  HOOKERI. 

Known  also  as  Hooker's  sea  Uon.  and  to  the  early  sealers 
as  hair  seal  or  tiger  seal  (see  Musgrave,  1865). 

Key  to  status:       A  breeding  colony. 

B  non-brccding  colony. 
C  Status  unknown. 

AUCKLAND  IS.  (50^50-5,  166°00'F),  discovered  1806 
phor      main   period   of  sealing.  McNab, 
1826,  1909:344. 

1830,  Jan.  survey  of  coastline  revealed  not 
more  than  20  hair  seals.  (C)  Morrell, 
1832:360. 

1840,  qiecimens  collected,  vovarc  of  t  siralahe 
uid  Zehe  (Doumoutier,  Humbron,  and 
Jaoquinot).CIaik.  1873:750,759. 

1840,  qiecimcns  collected,  voyage  of  Erebus 
and  Terror.  Clark,  1873:756. 

1864,  Jan.  great  numbers  seen  in  Camley^ 
Harbour  ...  appears  to  be  more  nume- 
rous at  Figure  of  Eight  I.,  and  at  head  of 
W  arm  of  Camley's  Harbour.  (A) 
Musgrave.  1865:16,33. 

1907,  quite  numerous  at  Enderby  I.,  Camley 
Harbour,  and  Masked  I.  (A)  Waite, 
1909:543^. 

197 1,  more  than  1 000  at  Sandy  Bay,  Enderby 
L  during  the  breeding  season.  (A)  Tay- 
lor. 1971. 

1972-73,  about  I  000  at  Enderby  L,  minimum  of 
2  000  at  Dundas  I.  and  68  on  Figure  of 
Eight  L,  including  at  least  24  pops.  (A) 
Best.  1974:2-3 

1972.  Dec -Jan.  1973  total  population  at  the 
istands  estimated  at  3  00O-3  50a  (A) 
Wilson,  pers.  comm. 
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CAMPBELL  L  {il'il'S,  169"08'E). 

181S-16,  300  hair  ddu  obtamed  by  gang  from 

the  Governor  Btigh  which  apparently 

worked  r-'ovcaux  Strait  and  Campbell  I. 

Cumpsion.  I%3:102:  HRNZ.  1:559^^ 
prior       sea  lions  taken  Tor  oil  and  aidltt.  (C) 
1864,       Musgrave.  1865:18. 
1909.      quite  numerous  at  certain  seasons.  (C) 

Waite.  1909:542. 
1942-47,  a  female  with  pup  seen  near  Camp 

Cove  in  most  years:  up  to  ISO  males. 

mostly  immature,  at  Northwest  Bay; 

maximum  of  20  females,  minimum  of 

200 males  on  the  island.  (A)  Bailey  and 

Sorensen.  l%2:52-4. 
1948,      minimum  of  SO  at  Northwest  Bay.  So- 
rensen, 1951:17. 
1948,       a    considerable    populalion.  mainly 

non-breeding.  (A)  Falla,  I94«:  147. 
19S8,      Feb.  main  concentration  at  Northwest 

Bay.  of  84  males,  and  5  females  (Street). 

(A)  Bailey  and  Sorensen,  1962:55. 

MACQUARIE  I.  (54  40'S,  158  50'E),  discovered  1810. 
1810-11,  no  evidence  of  oocarrenoe.  Csordas, 

1963:32 

1949-52,  lone  male,  named  "  Blackie",  recorded 

in  an  aeuons.  Csoidas.  1963:32. 
1954^      one  or  two  seen  chasing  penguins. 

Csoidas,  1963:33. 
19SS-60,  lone  male,  "Mr.  Brown",  recorded  each 

winter-spring,  until  mature.  Csordas, 

1963:33-35. 

1957-59,  a  few  other  individuals  seen,  for  only  a 
day  at  a  time.  Csordas,  1963:33. 

1966,  winter,  medium-sized  male  on  isthmus 
near  Buckles  Bay.  Shaughnessy,  pen. 
comm 

1966,      Nov.  a  large  iiiaie  at  Luaitanta  Bay. 

Shaugbneasy,  pen.  comm. 
1971,      Nov.  one  near-mature  male  near  North 

Mead  (Warneke),  V1C:FWD 

SNARES  IS.  (48  OO'S.  166  35'E).  discovered  1791. 

1810-17,  4  marooned  sealers  lived  on  sea  birds 
and  seals;  collected  I  3(X)  skins  (most 
probably  of  fur  seals,  but  possibly  some 
sea  Uonsas  well).  (C)  McNab,  1909:223. 
(Note:  fur  seal  flesh  is  quite  unpalat- 
able compared  with  that  of  sea  lion.  See 
Musgrave,  1865:22,57.) 
1830!i      Jan.  no  fur  seals  (or  sea  lions?)  found. 


Moirell,  1832:365. 
1907,      Feb.  quite  numeroas  at  certain  seasons; 
female  with  pup  fonnd.  (A)  Waite, 
1909:544. 

1948,  Jan.-Fcb.  less  than  100.  mostly  males,  at 
Boat  Harbour.  (B)  Ri>.hdale,<njl.):  112. 
67,  small  number  of  females  in  a  predomi- 
nantly male  population  (Knu.\).  (C) 
Crawley  and  CamoDn,  1972: 129. 

1968-69,  mother  and  pup  seen  on  Main  1.,  later 
near  Boat  Harbour  with  male.  (A) 
Crawley  and  Camerao,  1972:1301 

1970-7 i,  mother  and  pup  seen:  summer  popula- 
tion to  maximum  of  50.  (A)  Crawley 
and  Camenm,  1972: 128-32. 

SOUTH  I.,  NEW  ZEALAND  (north  to  46"S). 

1964,      included  within  species  range.  King, 

1964:36. 

1972,  lone  males  haul  out  in  winter,  S  of  Du- 
nedin  (Street).  Gaskin,  1972:155. 

1974,  lone  males  haul  out  on  S  coast,  to  as  far 
N  as  Olago  Pcnmsula.  Wilson,  pers. 
comm. 

STEWART  1.  (47 WS,  168'00'E). 

1972,      a  few  males  ashore  in  winter  (Street)^ 

(C)  Gaskin.  1972:155. 
1974,      Feb.  group  of  9  males  at  Small  Crafts 

Retreat;  k»ne  males  seen  dsewhere.  (Q 

Wilson,  pecs.  oomm. 


Appendix  G 


DATA  ON  THF.  DISTRIBUTION  AND  ST.ATUS  OF 
THE  SOUTHERN  ELEPHANT  SEAL.  A//- 
ROUSGA  LEONINA,  IN  THE  AUSTRALA- 
SIAN REGION. 

Key  to  status:        A  breeding  colony. 

B  non-breeding  colony. 
C  status  unknown. 


TASMANIA  AND  BASS  STRAIT 

HUNTER  1.  (40^30^,  144"4S'E),  originaUy  known  as 
BARREN  1. 

1802^     Dec  in  huge  numben.  (C)  Penm  and  467 


Freycinet.  1816:37;  (see  translation  in 
Mia»,  1971:23). 


KING  I.  (29"50'S.  I44  00'E),  discovered  1799. 

1801,  talcing  of  elephant  seab  possibly  begun 
by  gang  from  the  Harrington.  Footnote 
in  Miooo,  1971:12;  Cumpston,  1968:36. 

1802,  Jan.  Elephant  Bay  named  because  of 
large  numbers  enooontered  (Mnmy). 
(A)  Lee,  1915:117. 

1802.  Jan.  specimen  of  oil  taken  for  Govern- 
ment (Murray).  I.ec,  1915:118. 

1802.  Mar.-May.  600  killed  for  oil  by  gangs 
from  the  Harrington.  HRA,  I.  3:S24, 
637.641. 

1802,      Apr.  I  killed  at  NE  point  Flindcfs, 

|gI4<l):206. 

1802,  Jun.-Jul.  c.  50  killed  by  gang  from  the 
Mari^aret.  Cumpston,  1973:52. 

1802,  Dec.  the  elephant  seal  oil  industry  des- 
cribed in  detail  in  Peron  and  Freydnct, 
1816:  chap.  XXII.  XXIIL  (see  transla- 
tion in  MicGO,  1971). 

1802,  Dec.  they  are  becoming  scarce  already 
(Baudin)  HRNSW,  5:8.12 

1802,  Dec  many  elephant  seals  on  N  W  coast; 
in  greatest  plen^  at  moatlts  of  fresh 
freshwater  streams  (Ofimes).  Shilling 
law.  1879:17. 

1803,  Jan.  large  qumtity  of  oQ  obtained  by 
the  Margaret.  SG.  26  June,  1803 

1803,  Feb.  sealing  parly  relieved  by  the  Sur- 
prtse.  SC,  12  Mar.  1803. 


NEW  YEARS  IS.  (39"4rS,  143  5  l  U). 

1801,  Oct. -Nov.  pioneer  gang  landed  from 
(he  Harrinpon.  FfMtnole  in  Miooo, 

1971:12. 

1802,  A^.  Harrington  at  New  Years  Islands. 
Footnote  in  FUndcrs,  I814(l):209. 

1802,  Dec.  in  large  numbers  on  ...  New  Years 
Islands.  (A)  Peron  and  Freycinet, 
1816:37:  Mkoo,  1971:23;  Cumpston, 
1973:58. 


SISTERS  IS.  (39  42'S,  14T'57'E). 

1802,      Dec.  a  few  stragglers.  (C)  Peron  and 

Frcvcirui.  1816:23;  MicGO,  1971:23; 
Cumpston,  1973:58. 


TASMANIA,  WEST  COAST 

9  OOOBP  *  common  in  archeological  site. 
Ride,  1970:189. 

TASMANIA,  WEST  POINT (40 "56'S,  144"37'E). 

1 850-1300  ±80  BP.   thousands  of 

bones  of  young  individuals  in  middens 
of  aborigines.  Jones,  1967:363. 

Stragglers  occasionally  haul-out  on  the  Tasma* 
nian  and  Victorian  a>ast  and  some  of  the  islands,  e.g. 
Flinders  f.  (VIC:FWD),  Udy  Julia  Percy  I.  (Simpson, 
1961:227.  307)  and  Seal  Rocks  (VIC  FWD).  These 
include  several  records  of  adult  males  and  of  females 
coming  adiore  to  give  birth  (Davies,  1961.  TVson,  1977, 
VICrFWD). 


A£  W  ZEA  LAND  A  ND  MAJOR  I  SLA  NDS,  mcluding 
Maoquarie  I. 

ANTIPODES  1.  (49-4rS.  178  43'E). 

1969,  Feb.  35  counted,  ftvmi  North  Cape  to 
Leeward  I.  (Taylor).  Sorensen, 
19«9a:79. 

AUCK!  AND  IS.  f.vr5ns,  !r,6'00'E). 

1948,      a  regular  visitor.  FaUa.  1948: 142. 

CAMPBELL  I.  (52''33'S,  169t)8'n) 

1870-1930,  not  recorded  as  breeding.  (B)  Falla, 
1948:148. 

1880-1929  no  breeding  seals  ashore.  (B)  Sorensen, 

1931:10. 

1941,      smaB  breeding  population  of  about 

1  000.  (A)  Sorensen.  1950 
1944,      Nov.  i  100.  including  26  bulls  and  105 

pups.  (A)  Bailey  and  Sorensen,  1962:74. 
1947,       15  harems,  including  32  bulls.  194  cows 

and  191  pups  (Sorensen).  (A)  Bailey 

and  Sorensen,  1962:68. 

1957,  Oct  1 6  bulls.  2 1 1  females  and  190  pups 
(Thompson).  Bailey  and  Sorensen, 
1962. 

1958,  post-breeding  haul-out  of  84  large 
bulls,  129  medium  bulls,  281  females 
and  42  pups  (Street).  Bailey  and  So- 
rensen, 1962:74 
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CHAIHAM 
1972, 


I.  (44"50'S,  176"30'W). 
Nov.  stragglen  only. 
ooDun. 


Wilson,  pers. 


MACQUARIE  I.  (54'4(KS.  ISITSO^). 

C.1814-    elcphanl  seals  lakcn  for  oil.  initially  by 
1919,    gan^  from  Sydney,  later  by  gangs  from 
New  Zealand.  (A)  Cumpston,  1968:36 
etseq. 

1K3 1,      no  sign  or  seals  Tound  by  gang  of  Vema. 

McNab.  I913:8«. 
1834»     Mar -Feb.  no  ofl  obtained.  McNab, 

1913:94. 

1920,  Feb.  sealing  licence  held  by  J.  Hatch  of 
NZ  cancelled  by  Tasmanian  Govern- 
ment. Cumpston.  1%8:3I6. 

1949,  population  stable  in  numbers.  (A)  Ni* 
cholls,  1970:599. 

1952-58,  counts  made  which  indicate  population 
stabilized  at  natural  level:  33000 
breeding  cows.  28  500  weaned  pups, 
3  000  bcachmastcrs  and  challengeiS. 
(A)  Carrick  and  Ingham,  1960:336. 


1960, 


1972, 


SNARES  IS. 
1948. 


1948. 


provisional  estimate  of  total  population 
of  11OO0O,  including  pups;  breeding 
population  of  36  000-37  000  females 
and  3  500-4  000  males.  (A)  Carrick  and 
Ingham,  1962b:200-l. 
review  of  population  dynamics,  and  of 
Kteaich  on  growth  and  development 
Johnstone.  1972:519-32. 

(48  GO'S,  166°35'E>. 
anitabte  beaches  aivailable  only  at  Boat 
Harbour,  with  space  for  5.  (C)  Falla, 
1948:137. 

Jan.-Feb.  fighting  among  large  males; 
no  estimate  of  niunbos.  RiduUle, 
(n.d.):lll-12. 


SOUTH  I..  NEW  ZEALAND  (north  to  4r30T5). 

1969,      isolated  records  of  females  pupping  on 

shore.  Sorensen,  l%9:6. 
1974,      a  few  stragglers  haul-out;  records  to  as 

far  N  as  Wellington.  Wilson,  pen. 
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Abstract 

I  he  Sdulh  Anicricjn  sea  lion  (Oiiiria  flurryt  rns)  dislrihulcd  alona  the  Atlantic  and 
Pacific  shores  of  South  Amcnca.  13cspilc  ihc  lack  and  hmitcd  sijinif  icancc  of  recent  estimates 
of  abundance,  the  total  number  on  land  can  be  estimated  at  27S  (XX).  excluding  the  Chilean 
coast  south  of  Punta  Maiquillahuc,  A  reduction  m  numbors  is  ticncrallv  found  over  most  of 
the  species'  range  and  sea  lions  are  no  longer  found  in  man)  areas  where  they  once  lived.  In 
Brazil,  the  species  reaches  north  to  Rio  de  Janeiro,  though  probably  does  not  breed  north  of 
Recife  da  Torres.  In  Uruguav.  the  population  has  maintained  a  si/e  of  about  30  000  animals 
with  rookeries  distributed  on  .several  islands,  mainly  Isia  de  Lobos.  In  the  early  fifties.  168  270 
animals  were  estimated  to  inhabit  Argentine  waters:  sea  lions  there  are  presently  distributed 
from  Bahia  Blanca  lo  Ticrra  del  Fucjjo  and  Kla  de  los  Estados.  The  species  is  found  mosth  on 
offshore  islets  in  the  I  alkland  Islands  -  the  drop  in  the  population  there  from  an  esiimaied 
371  500  or  389  500  animals  in  the  thirties  to  no  more  than  30  000  animab  in  1964-^  may  be 
due  to  populatitm  movements  or  a  reduction  in  the  food  supply  On  the  Pacific  coa.st,  O. 
Jhvescens  is  distributed  from  tlie  Diego  Ramirez  Islands  to  Zorntos,  Peru,  and  to  the  Gala- 
pagos Islands:  it  probably  does  not  breed  north  of  Isia  Lobos  de  Tierra.  The  size  of  the 
population  in  Peru  was  estimated  to  be  20  000  in  1975.  Althoutih  South  American  sea  lions 
apparently  do  not  migrate,  muvemenus  at  certain  limes  of  the  year,  along  land  and  out  at  .sea, 
can  be  significant,  and  important  seasonal  and  daily  changes  in  the  size  of  populations  <m  land 
do  occur. 

Identifying  skull  diancters  and  important  aspects  of  external  form  and  pelage,  inclu- 
ding GoknatkNi,  are  renewed.  Common  and  scientific  nrnnes  are  given.  Males  and  females. 

between  which  there  is  a  marked  difference  in  size,  colour  and  form.  ma\  reach  !en;jihs  and 
weights  of  256  cm  and  more  than  300  kg.  and  200  cm  and  144  kg.  respectively.  Sexual  maturity 
may  be  reached  at  age  4  in  females  and  age  5  in  males.  Natural  mortality  rates  in  young  pups 
are  variable,  reported  fr(»m  2  lo  ncar!\  50  %.  the  latter  in  more  crowded  lookeries;  mortality 

again  increases  at  age  1  following  weaning. 

Sea  lions  were  taken  by  South  American  Indians:  exploitation  by  Europeans  for  oil, 

hides  ami  meat,  the  latter  now  used  for  animal  feed,  began  as  early  as  1520.  The  Uruguayan 
harvest,  conducted  by  the  dovernment,  now  consists  mainly  of  young  males.  3  24t)  animals 
being  killed  in  1976.  Argentine  sea  lions  are  under  provincial  administration:  there  is  no 
exploitation,  thouph  it  is  legal  under  licence,  except  for  poaching  Sea  lions  in  the  Falkland 
islands  and  Chile  are  protected  by  law,  but  significant  poaching  and  some  killing  in  response 
to  complaints  by  rishermen  occur  in  Chile.  Limited,  experimental  exploitation  under  go- 
vernment supervision  has  been  permitted  in  Vcrn  since  1967  South  American  sea  lions  adapt 
well  to  captivity  and  young  animals  are  taken  for  exhibition  Ironi  the  Uruguayan  Islands;  sea 
lion  colonics  on  Isia  de  Lobos  and  Peninsula  X'aldes  are  visited  by  tourists 

Sea  lions  I'l-ciI  niosiiv  in  shallow  waters;  limited  reports  indieatc  ih.il  fish,  crustaceans 
and  molluscs  arc  ihcir  most  common  foods.  Penguins  and  other  birds  are  eaten  in  some  areas.  477 
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The  species  competes  with  shore  fisheries  for  food  resources  and  also  causes  direct  interfe- 
rence with  fishciics,  though  the  degree  of  interference  and  competition  is  difTicult  to 
quantify.  No  compciition  is  apparent  between  sea  lions  and  South  American  fur  seals  {Art- 
tocephalus  australis).  Research  should  include  study  of  possible  morphological  difierences 
between  populations,  population  dynamics,  vital  parameters  and  relation  to  fisheries. 

L*otarie  ft  crinidre  (Otaria  flavescens)  est  distribute  le  long  des  c6tes  atlantiques  et 

pacifiqucs  de  rAmcrique  du  Sud.  Bien  que  les  estimations  reccntes  de  Tabondance  soient  Mis 
rares  el  que  leur  signification  soit  limit^e,  on  peut  estimer  le  nombre  total  k  terre  k  27S  000 
animaux.  oompte  non  tenu  de  la  cdte  chilienne  au  sud  de  Punta  Maiquillahue.  On  a  constat^ 

en  ^en^ral  une  rc^duction  des  effectifs  sur  la  majeure  panic  de  Taire  gfographiquc  Jc  I'csp«^ce 
et  il  cxistc  de  nombreuscs  zones,  autrefois  peupldes.  d'oii  les  olaries  i  criniire  sont  absentes. 
Au  Brdsil,  Pespice  atieint  Rio  de  Janeiro  vers  le  nord,  encore  qu'elle  ne  se  reproduise 
piobablement  pas  au  nord  de  Recife  das  Torcs.  En  Uruguay,  la  taille  de  la  population  s'est 
maintenue  i  30  000  animaux,  avec  des  rookeries  sur  plusieurs  ties,  notamment  Isia  de  Lobos. 
On  estimait  au  ddbul  des  anntes  SO  que  168  270  animaux  habitaient  les  caux  argcntines:  les 
otaries  i  crini^re  y  sont  actuellement  distributes  dc  Bahia  Blanca  i  la  TeiTe  de  Feu  et  a  Isla  de 
los  F-stados.  l.'esptce  sc  trouvc  surtout  sur  les  pcliles  lies  du  large  dans  le  groupe  des  Falkland. 
Le  llechissement  qu'on  y  a  constate,  d'une  population  esiimee  a  371  500  ou  389  500  au  cours 
des  aiuites  30.  k  30  000 animaux  au  maximum  en  1 964-6.'>  peut  Stre  du  k  un  dtplacement  de  la 
population  ou  a  unc  reduction  ties  disponibilites  alimentaires  Sur  la  cote  pacifiquc.  O. 
jflavescens  est  distribuee  des  iles  Diego  Ramirez  a  Zorritos  (Perou),  et  aux  iles  Galapagos;  elle 
ne  se  leproduit  probablemeni  pas  au  noid  d'lsla  Lobos  de  Tierra.  On  a  estime  la  taille  de  la 
popuiniion  ponivicnnc  a  20  (TfXl  animaux  en  1975.  Bien  que  les  otaries  ;i  crinicrc  n'ctTcctuent 
apparcmmcnt  pas  dc  niigralions.  les  dcplacements  qui  se  produiseni  a  cerlaincs  epoquesde 
I'annie,  le  long  des  c6tes  et  vers  la  mer,  peuvent  etre  importants.  et  Ton  a  observide  sensibles 

changcmcnis  saisonniers  ct  qiK)lidiens  de  la  taille  des  populations  <i  terre. 

L'auteur  pa.ise  en  revue  les  caracteristiques  cranicnnes  distinctives  ainsi  que  les  aspects 
importants  de  la  forme  exterieure  et  du  pelage,  y  compris  la  couleur.  II  indique  les  noms 
conirimns  cl  vcientiflqucs  I  es  males  ct  les  tVniellcs.  cntrc  lesquels  il  cxistc  unc  difference 
marquee  de  taille.  de  lornie  cl  dc  couleur.  peuvent  atteindrc  respectivement  une  longueur  de 
256  cm  et  un  poids  suptrieur  a  300  kg  el  une  longueur  de  200  cm  pour  un  poids  de  144  kg. 
L"i"igc  dc  la  matiiritc  scmicIIc  pcui  clrc  dc  4  ans  chc/  les  Icnicllcs  ct  5  ans  che/  les  males.  Les 
taux  de  morialite  naturelie  dc-s  nouveau-nes  peuvent  elre  variables;  on  rapporlc  qu'ils  vont  dc 
2  pour  cent  i  prts  de  SO  pour  cent,  oe  dernier  chiffite  s*apptiquant  aux  rookeries  surpevpKes;  la 
mortaUlt  augment c  de  nouveau  ;^  un  an,  iprc-s  Ic  scvragc 

Les  otaries  a  criniere  etaient  cupturces  par  les  Indicns  sud-am6ncains;  d<is  1520,  Ics 
europtens  ont  commence  k  les  exploiter  pour  llraile,  les  peaux  et  la  viandc.  qui  est  k  present 
utiliste  pour  I'alimentation  animale  Les  captures  uruguaycnncs.  dirigccs  par  Ic  iMuvcrnc- 
ment,  comprenneni  maintenunt  unc  majorite  de  jeunes  males;  3  240  animaux  oni  etc  lucs  cn 
1976.  Les  otaries  k  criniire  d'Argentine  dependent  de  I'administration  provinciate:  elics  ne 
sont  pas  cxploitc'cs,  sauf  avec  des  permis.  mais  il  y  a  des  braconnicrs  I  es  otaries  des  iles 
Falkland  el  du  C  hili  sont  protegees  par  la  legislation  niais  le  braconnage  est  mipttrtant  et 
certains  animaux  sont  lu6s  au  Chili  k  la  suite  des  plaintes  des  pCcheurs.  Une  exploitation 
experimentale  limitde  a  ili  autorisde  sous  le  contrtMc  du  gouvernemcnt  p^ruvien  depuis  1967. 
Les  Olaries  ii  crinidre  s'adaptent  bien  a  la  capiivite  et  de  jeunes  animaux  sont  captures  dans 
les  iles  uniguayennes  aux  fins  d'exhibition;  les  touristes  visttent  les  ooloaies  dlsla  de  Lobos 
eldela  pcninsule  Valde/. 

Les  otaries  a  criniere  s'alimcnlenl  surtout  sur  les  hauu  tunds;  des  rapports  limits 
478    indiquent  que  les  poissons,  les  crustao6s  et  les  moUusques  soot  les  aliments  les  plus  oommuns. 
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Les  manchols  et  d'autres  oiseaux  sonl  mang&  dans  certaines  zones.  L'esp^ce  concurrence  les 
p£ches  odtiftres  pour  les  ressouices  alimentaires  et  interfere  aussi  diredenKOt  avec  les  aetivitis 
depfiche.  encore  que  ccs  actions  soient  difTiciles  a  quantifier.  AuCttOe OODCUrrcncc  n'appara!! 
entie  Totahe  h  crinkre  el  Coiarie  k  fourrure  d'Aradrique  du  Sud  (Aretoc^halusaustralis).  Les 
recherches  devraieat  porter  sur  Pitude  d^iventueUa  difKreooes  morphologiques  entre  les 
populations,  dc  la  dynamtque  des  populations,  dcs  paramitres  biologlqiies  et  des  rapports 
avec  les  pfiches. 

Extracto 

El  Ie6n  marino  de  America  del  Sur  (Oiaria  Jlavescens)  se  encuenira  en  las  costas  del 
Atlintioo  y  el  Pacifioo  de  America  del  Sur  y.  a  pesar  de  la  falta  de  estimaciones  recientes  de  la 

poblacion  v  de  las  iimilaciones  de  las  estimaciones  existenles  el  mimero  total  de  aniniales  en 
licrra  pucdc  calcuiarse  en  27S  000,  excluyendo  la  costa  de  Chile  al  sur  de  Punla  Maiquiliahue. 
En  general,  su  ndmero  ha  disminuido  en  la  mayor  parte  de  su  zona  de  distribudftn.  y  en 

muchas  areas  que  anlitnianiente  pdblaha  \a  nu  se  encLienlriin  aniniales  de  esta  especie.  l-n 
Hrasil.  la  cspccic  licga  por  el  nunc  ha&Ui  Kiu  dc  Janeiro,  aunquc  probablemcnlc  no  &c 
repn^duce  mta  arriba  de  Recife  das  Torres.  En  Uruguay,  la  poblaci6n  se  ha  manlenklo  en 

tomo  a  unos  ^(1  (KM)  animates,  con  criadcros  di.stribuidos  en  varias  isias,  principalmente  la  isia 
de  Lobos.  A  pnncipios  de  los  anos  cincuenla  sc  calculo  que  vivian  cn  aguas  argcnlinas  168  27U 
anhnales:  en  la  acttulidad  se  encuentran  leones  matinos  desde  Bahfa  Blanca  hasta  la  Tierra 

del  I  uei:o  v  la  isia  elc  los  F.sladc^s  !  sta  cspccic  sc  cncucntra  sohrc  \odo  cn  \  arios  isloles  dc  las 
isias  Maivuias  (Falkland),  donde  ha  disminuido  radicalmente,  pasando  de  una  cii'ra  cslimada 
en  371  500-389500  animates  en  los  aflos  tieinta  a  no  mis  de  30000  en  1964-65.  debido  quizi 
a  algunos  despla/amienlos  de  la  poblacion  o  a  la  dtsminuci6n  dc  sus  alimcntos.  En  la  cosia  del 
Paciflco.  ()./lave.st  ensse  encuentra  desde  las  isias  Diego  Ramirez  hasta  Zorritos,  en  Ferij,  y  las 
isias  Galapagos,  y  probablemente  el  If  mite  septentrional  de  su  zona  de  cria  se  encuentra  en  la 
isladeLobosde  Tierra.  La  poblacion  del  PerA  se  calcul6 en  1975  en  20  GOO  aniniales.  Aunquc 
el  Ie6n  marino  de  America  del  Sur  no  realiza  apaientemente  movimientos  migratorios.  sus 
desplazamientos  a  lo  largo  de  la  oosta  y  mar  adentto  en  determinadas  ipocas  del  aho  pueden 
scr  im  porta  ntes  y  sc  registran  notables  variadones  estackmales  y  diarias  en  el  nCimero  de 
animalcs  en  tierra. 

Se  examinan  las  caracteristicas  del  crineo  y  de  la  denticidn  y  algunos  aspecios  impor- 

tames  de  su  forma  exterior  y  de  su  pelaje.  incluido  el  color  Sc  dan  los  nombres  comiin  y 
cienlifico.  Los  machos  y  hcmbras,  que  sc  difercncian  evideniemente  en  lalla.  color  y  forma, 
pueden  alcanzar  talla.s  y  pc<ios  de  256  cm  y  mta  de  300 kg,  y  200  cm  y  144  kg.  respccttvamente. 
l.as  hem  bras  pucJcn  alcan/ar  la  madurc/  sexual  a  los  cuatro  .liios  \  los  machos  a  los  cinco.  La 
mortalidad  natural  de  los  cachorros  es  variable,  y  los  daios  disponibles  oscilan  entre  el  2  por 
ciento  y  oerea  del  50  por  dento,  este  iilttmo  porcentaje  en  zonas  de  cria  donde  hay  gran 
apiAamiento;  la  mortaUdad  aumenta  de  nucvo  a  partir  dc  un  aiio  dc  cdad.  dcspucs  del  dcstctc. 

Los  indios  de  America  del  Sur  capturaban  ya  leones  marinos;  los  europeos  empezaron  a 
explotar  esa  espede  para  aprovechar  el  acdte.  el  cuero  y  la  came  (esta  iiltima  utilizada  hoy 
para  piensos)  liada  1520.  hn  Uruguay,  la  explotacion.  controlada  por  el  (  iobicrni<.  sc  limiia 
casi  exdusivamente  a  los  machos  jbvenes,  de  los  que  en  1976  se  malaron  3  240.  Las  pobla- 
dones  de  Argentina  dependen  de  las  administradones  provindales:  con  exoepd6n  de  algunos 
cazadores  furtivos,  nose  explota  el  Ie6n  marino.  aunque  pueden  obtenerse  licencias  para  ello. 
Los  leones  marinos  de  las  isias  Malvinas  (Falkland)  y  d  e  C'h  ile  est^n  protegidos  por  la  ley,  pero 
en  Chile  abundan  los  cazadores  Airtivos  y  se  matan  algunos  annnales  debido  a  quejas  de  los 
pescaddtcs  I  n  IViu  sc  ha  permitido  desde  l%7  la  explotacitSn  limitada  de  esta  especie.  con 
car^cter  expenniental.  Iiajo  supervision  estatal.  El  le6n  marino  de  America  del  Sur  se  adapta 
bien  a  la  cautividad  \  se  c  ipturan  animales  jAvenes  para  tal  fin  en  las  isias  del  Uruguay;  las 
ootonias  de  leones  marinos  de  isia  de  Lobos  y  peninsula  Valdte  son  meui  de  turistas. 
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El  Ie6n  marine  se  alimenta  sobre  todo  en  aguas  poco  prorundas;  los  limitados  dates 
disponibles  indkan  que  come  sobre  todo  peces.  crustaceos  y  moluscos.  En  algunas  /.onas  come 
tambidn  pmgOinos  y  otras  aves.  Esta  especie  compile  ci>n  las  peaquerfas  oosteras  por  los 
recursos  alimenticios  e  inierfiere  directamente  con  alguna.s  dc  cllas,  aunque  cs  dificil  cuanti- 
ficar  csas  inlcrfcrcncias  y  la  compctcncia  que  csos  animates  representan.  No  hay  pruebas  de 
que  exista  cx>mpetcncia  cntre  el  Ie6n  marinoy  el  lobe  marinodedos  pelos  de  America  del  Sur 
(Arciocephalus  ausiralis).  Es  preciso  hacer  investigaciones,  en  especial  sobre  posibles  dife- 
rencias  morfologicas  entre  poblaciones,  dtnimica  de  poblacion,  par&meiros  vitales  y  rclacion 
de  esu»  animate  oon  las  pesquotas. 


R.  Vaz-Ferreira 

Universidad  de  la  Repubiica,  Departamento  de  Zoologia  Vertebrados,  Juan  L,  Cuestas  1525, 
MontmMK,  Uruguay 


Identification  of  the  species 


Characieristics 
Genmil 

Otaria  flavescens  (Shaw),  the  South 

American  sea  lion,  is  vcllow-brown  with  a 
wide,  slightly  upturned,  llattened  muzzle.  It  is 
mailci^ly  dimorphic,  the  males  having  a  mane 
and  reaching  weights  of  300-340  kg  and  bo^ 
lengths  of  256  cm:  the  females,  which  have  no 
mane,  reach  144  kg  and  200  cm.  iLs  main  skull 
characteristics  are:  palate  very  long,  ahnost 
reaching  the  hamular  processes  of  the  ptery- 
goids, with  the  hind  border  almost  straight  and 
transverse  to  the  sagittal  plane  of  the  skull. 

The  following  measurements  arc  greater 
than  in  any  other  otarid:  from  the  palatal  hind 
border  to  the  incisors  (palatilar  length)  which 
is  about  57-65  %  of  skull  length  (Sivertsen,  - 
1954);  from  thegnathion  to  the  posterior  palatal 
end  of  the  maxilla,  which  is  49-56.5  %  of  the 
skull  length,  and  from  the  gnathion  to  the  pa- 
latal notdi,  which  is  52-65  %  of  skuU  length. 
The  lateral  margins  of  the  palate  of  adults  are 
raised,  the  surface  being  deeply  concave  on  its 
posterior  area. 

The  skull  in  normal  males  reaches  a  ma- 


ximum c€  382  mm,  and  in  females  286  mm, 

expressed  as  condylo  basal  length. 

The  snout  is  upturned  and  very  broad 
(breadth  of  skull  at  canines  about  20-35  %  of 
skull  length).  The  pterygoid  processes  are  very 
long,  surpassing  the  plane  defined  by  the  tips  of 
canine  teeth  and  mastoid  processes.  There  are 
temporal  processes  and  a  process  on  or  near  the 
intersection  of  die  fixmto-parietal  suture 
with  a  transverse  friane  passing  through 
the  hammuli. 

The  tooth  formula  Is:  1:3/2,  C:I/1, 
PM:4/4,  M:2/l,  the  last  upper  cheek  teeth  veiy 
often  lacking.  The  fifth  upper  cheek  teeth  are 
bent  markedly  backward,  and  there  is  no  wi- 
dened space  between  the  bases  of  the  4th  and 
5th  upper  chedc  teeUi. 

External  form 

The  common  name  "sea  lion"  refers  to 
the  llikkened  nedc  and  the  presence  of  a 
"mane**,  which  emphasizes  the  massive  head 
and  foreparts  of  the  male  Otaria,  and  contrasts 
markedly  with  the  small  hind  quarters. 

The  fhmt  of  the  body,  as  pointed  out 
Murie  (1872)  carries  an  important  mass  of 
subcutaneous  fat  and  fibrous  tissues,  muscular 
layers  of  considerable  thickness,  and  massively 
developed  shoulder  r^ions. 
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The  so-called  '*inane"  consisb  of  an  area 
of  longer,  coarser,  erectile  hair,  wliidi  extends 
backwards  from  a  line  going  throughout  the 
forehead,  the  posterior  border  of  the  eyes,  and 
the  mentoneai  surface,  to  the  nape  and  anterior 
dhest 

The  hair  of  the  "mane"  is  longer  on  the 
back,  where  sometimes  it  divides  mesially  in 
two  lateral  lobes.  The  comparatively  small  ears 
are  sometimes  difficult  to  see  even  when  the 
coarse  hair  is  not  very  long  in  this  area. 

The  muzzle  is  blunt,  comparatively  short, 
slightly  upturned  and  erectile:  as  Beddard 
(1890)  has  pointed  out,  the  nose  pad  of  the 
southern  sea  lion  is  markedly  large,  and  the 
mystadal  vibrissae  are  stiff  and  curviiineous; 
the  eyes  are  surmounted  by  two  vibrissae  and 
by  a  medium-sized  area  without  specially 
elongated  hairs  The  lower  jaw  is  massive,  ver- 
tically extended,  and  wide.  The  female,  about 
half  as  heavy,  and  15-22  %  shorter  than  the 
male,  has  no  mane  at  all,  and  the  head  is  much 
smaller  and  lighter,  and  not  massive  at  the 
back. 

In  general  shape  young  males  resemble 

the  cows,  but  even  before  the  mane  begins  to 
develop  they  have  the  massive  head  and  lower 
jaw  dMuaderistic  duar  sex;  the  females  are 
slighter  in  build  and  have  a  more  pup-like  head. 

The  pups,  apart  from  their  hair,  colour 
and  size,  resemble  females  in  shape,  but  their 
heads  are  laigiO'in  relaticm  to  their  body  size. 

Hair 

The  coarse  hairs  on  the  neck  of  the  males 
may  grow  as  long  as  80  mm;  they  are  flattened 
in  shape. 

The  little  undcrhair  that  sea  lions  possess 
consists  of  a  ver\  few,  individually  spaced, 
flexible  hairs  of  ver)  small  diameter,  1-2  mm 
long,  found  among  several  guard  hairs. 

In  cows,  the  hair  is  shortest  on  the  belly 
and  longest  on  dorsal  and  neck  areas. 

From  birth  to  alx)ut  1  month  old,  the 
pups  have  black,  curly  hair,  which  contains  a 
mixture  of  hair  of  different  diameters,  4-7  mm 


long  on  the  belly,  9-13  mm  long  on  the  back, 
ttod  15-18  mm  Ung  on  the  future  mane  area  in 
males.  The  vibrissae,  33-42  mystacials  and  2 
supraoculars  on  each  side,  reach  250  mm  on 
adult  males,  170  mm  on  adult  females  and  60 
mm  on  neonates:  they  have  a  ridi  supply  of 
nerves  and  vessels  which  come  forward  in  a 
large  sheaf  straight  from  the  infraorbital  fora- 
men, under  the  dilatator  naris  (Murie,  1872). 

Colour 

The  colour  (^adults  and  sub-adults  varies 

from  dark  brown  to  orange,  sometimes  to  very 
pale  gold;  chocolate  brown  is  common  in  pups 
after  their  first  moult,  and  shiny  black  is  the 
natal  colour  Ux  about  tlw  first  month  of  life. 

The  common  colours  of  adult  males  in 
the  Lobos  Islands  are:  dark  orange-brown 
body,  with  some  scariet  tinge,  mane  either  of 
the  same  colour  or  with  areas  of  yellowish 
orange:  or  light  vellowish  orange  or  straw  co- 
loured body  with  the  back  area  of  the  mane  of  a 
lighter  yellow;  or  daric  orange  body  and  lighter 
and  yellower  mane. 

Hamilton  (1934)  found,  in  order  of  fre- 
quency, the  following  cdouis  for  bulls  (Falk- 
land Islands):  (i)  dark  brown  all  over,  mane 
sometimes  paler;  (ii)  vcr\'  dark  brown  almost 
black,  mane  dull  yellow;  (iii)  grey  olien  with  a 
slight  greenish  cast,  mane  pale;  (iv)  very  pale 
gold  all  over. 

No  grev  individuals  have  been  observed 
in  Uruguay.  On  the  Lx)bos  Islands,  sub-adult 
males  are  often  yellowish  brown  to  orange 
on  the  face  and  Ixidy  with  a  straw-coloured 
mane;  they  are  also  often  very  dark  brown. 

The  coloration  pattern  of  adult  females, 
which  are  brown-orange,  tends  to  vary  within 
the  population:  at  I.ohos  Islands  their  masks 
are  sometimes  of  diilerent  colours.  Common 
patterns  on  these  islands  are:  muzzle,  nape  and 
fore-part  of  the  back  to  halfway  down  the 
sides,  light  orange:  bodv  and  hinder  part  of  the 
back  and  sides  of  the  head,  dark  orange.  In 
some  specimens  the  mask  is  dark,  as  is  the  body, 
but  parts  ofthe  neck  and  head  are  lighter;  often  481 
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the  muzzle  is  a  greyish  orange,  which  may  or 
may  not  extend  to  the  preocular  area.  The  su- 
perolateral and  posterior  part  of  the  body  are 
(he  same  colour,  and  tme  area  around  the  neck, 
sometimes  extended  to  the  base  oi  the  foreflip- 
pers,  is  lighter  orange. 

Hamilton  (1934)  gives  the  following  pre- 
dominant patterns  for  adult  cows:  (i)  dark 
brown,  with  the  back  ot  the  head  and  neck 
yellow,  face  daxk;  (ii)  daric  brown  with  the 
whole  head  and  neck  yellow,  muzzle  dark;  (iii) 
ver\'  dark  brown,  usually  with  a  paler  colour  at 
the  muzzle;  (iv)  dull  yellow  ail  over,  lace  dark; 
(v)  pale  cream  all  over,  face  dark. 

The  vearlings  and  some  other  veiy  young 
individuals  are  eoninionlv  lichi  orange  with 
whitishparls  on  the  face  and  around  the  mouth. 

The  pups  are  mostly  blade:  the  hair  is 
curled  and  of  a  verv'  shiny  black  on  the  back:  on 
the  belly,  the  hair  has  no  curls  and  is  dark 
greyish  orange;  upper  parts  of  the  flippers  have 
very  dark  mange  hair.  After  the  first  moult, 
\\  hen  thev  are  a  month  old,  the  colour  is  dark  or 
chocolate  brown,  becoming  much  paler  later 
on. 

Hair  moult  in  adults  occurs  mostly  after 
hroedinp  in  early  autumn,  though  moulting 
specimens  may  be  found  throughout  the  year. 
The  moult  takes  place  in  patenes,  sometimes 

denuding  extensive  areas  of  skin  which  show  a 
matt  black  colour.  Such  areas  take  on  a  yellow 
lint  as  the  new,  yellow-tipped  hair  grows 
through. 


Common  names 

In  Brazil.  Otaria  jlavescens  is  called  "leao 
marino"  or  "lobo".  In  Uruguay  the  names 
commonly  employed  are:  **lobo  de  un  pelo** 
and  "lobo  ordinano**«  occasionally  "lobo  grue- 
so"  and  "leon  marino"  are  also  used:  the  adult 
male  is  called  "peluca"  and  the  sub-adult  "pe- 
lucon";  **bayon"  is  a  young  male  and  **baya**  is 
the  female,  the  pup  is  a  "cadiOTTo".  In  Argen- 
tina, the  names  employed  are  about  the  same, 
though  Carrara  (1 964) gives,  in  addition,  'iobo 
de  aoeite"  and  **lobo  marino  del  sur". 


According  to  Hamilton  (1934)  the  sea 
lion  is  known  in  the  Falkland  Islands  (Islas 
Malvinas)  to  most  of  the  inhabitants  as  "seal** 
or  "hair  seal"  to  distinguish  it  from  the  fur  seal. 
The  adult  male  Otaria  is  generally  termed  a 
*1ion'*  and  the  female  a  "clapmatch"  (a  name 
derived  from  the  Scandinavian  name  for  Ci- 
Stophora  crista  fa). 

In  Chile  (Aguayo  and  Maturana,  1973), 
the  most  fi«quent  common  names  are,  besides 
the  Spanish  names  used  on  the  Atlantic  side, 
"lobo  chusco".  "urine",  "lame",  "ama".  "leon 
manno  austral";  the  pups  are  called  "popitos"; 
Carrara  (1964)  gives  ror  Chile  also  ''tonmo*'.  In 
Peru,  Piazza  (1959)  gives  "lobo  marino  de  im 
peio"  and  "iobo  cbuzco**. 


ScmNTmC  NAMES 

Otaria  Jlavescens  (Shaw,  1 800),  should  be 
accepted  as  valid  name  for  the  South  American 

sea  lion. 

Allen  (1903)  has  given  an  extensive  list  of 
synonyms  under  Otiola  tmwiki  (ttainville, 

1820). 

Some  of  the  many  scientific  names  for  the 
South  America  sea  lion  have  had  oonihcung 
history  and  use.  The  specific  epithet  flavescens 
(Shaw,  1800)  from  the  "eared  seal"  of  Pennant, 
which  was  based  on  a  young  otarid  in  the  Le- 
verian  Museum  about  2  feet  in  length  taken 
from  the  Straits  of  Magellan,  was  consid- 
ered bjr  Allen  as  quite  indeterminable  from 
the  description  given  and  "resting  on  a  basis  too 
unsatisfaciory  to  warrant  its  use  for  any  spe- 
cies". Notwimstanding  this,  Cabrera  ( 1 940)  and 
in  personal  communication  to  Scheffer  (Schef- 
fer,  1958),  concluded  that  "the  yellow  seal" 
Phoca  Jlavescens  (Shaw)  could  only  have  been  a 
"southern  sea  lion  pup  after  its  first 
moult";  this  name  was  adopted  also  by  Osgood, 
(1943j  and  Hershkovitz  pointed  out  (in  letters 
to  Scheffer,  1957,  see  Rice  and  Scheffer,  1968) 
that  "the  type  of  fltivrsrens  was  a  tan- 
gible specimen  preserved  in  the  old  Leverian 
Museum.  It  was  adequately  described  and  fig- 
ured, is  perfectly  identifiaUe  and  has  a  vtM 
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type  kx:ality,  its  name  has  priority,  usage  and 
currency". 

Other  names  which  have  been  used  many 
times  by  different  authors  for  the  South  Ame- 
rican sea  lion  nre; 

The  specil'ic  epithet  jubaia  (from  Phoca 
jubata  Schreber,  1 775,  in  part)  was  med  by  most 
authors  until  about  1830,  and.  as  recombined 
bv  Desmarest  (1820)  as  Otaria  jubata  by  many 
wrilcn*  until  1905  and  still  tor  a  few  until  some 
years  ago.  The  use  of  this  name  for  the  South 
American  sea  lion  is  not  suitable,  since  Peron 
(1816)  who  noticed  that  southern  and  northern 
sea  lions  were  different,  restricted  jubata  to  the 
northern  species. 

The  specific  epithet  hxmnia  Blainville 
(1820)  has  been  widely  used  by  many  modem 
authors  until  /lavescens  was  adopted.  Allen 
(1905)  accepted  byronia  as  the  only  available 
name  for  this  species,  considering  thai  the  skull 
on  which  the  name  Phoca  byronia  was  based 
was  beyond  doubt  a  ^uU  of  the  sea  lion  found 
on  the  islands  and  coasts  of  southern  South 
America  and  also  considering  that  name  to  be 
the  first  exclu.siv  ely  based  on  a  clearly  identified 
animal,  and  not  preoccupied.  The  skull  men- 
tioned (Scheffer.  1958)  was  that  of  an  adult 
male  "brouiiht  to  Eneland  bv  Commodore 
John  Byron  in  1769,  placed  in  the  British  Mu- 
seum, purchased  in  1809  by  the  Museum  of  the 
Royal  College  of  Surgeons  of  England  :  listed  in 
Flower's  catalogue  under  O.  jubata  as  osteolo- 
gical  collection  No.  3966". 

The  skull,  destroyed  during  the  Second 
World  War.  belonged  to  a  specimen  of  Otaria 
flavescens,  even  though  it  was  mistakenly  la- 
belled "Tinian  Island"',  one  of  the  Caroline  Is- 
lands (not  populated  by  pinnipeds);  its  correct 
provenance,  according  \o  Scheffer.  was  pro- 
bably either  the  Straits  ol  .Magellan  or  the  Islas 
Juan  Fernandez.  Among  the  users  of  byroniat 
besides  Allen,  were  Hamilton  (1934.  1939), 
Scheffer  (1958).  King  (1964).  Va/'-I  erreira 
(1950,  1952)  and  others,  who  based  their  choice 
on  the  fact  that  this  name  was  derived  from  a 
tangible  specimen. 

Some  of  the  other  names  proposed  to 
nominate  specimens  of  this  species  (for  full  re- 


ferences, see  Allen.  1905  and  Osgood.  1943) 
have  been:  Otaria  guerin  Quoy  and  Gaimard, 
1824  (Falkland  Islands  -  bias  Malvinas); 
Otaria  molossina  Lesson  and  Garnot.  1826 
(Falkland  Islands  Islas  Malvinas);  Plaivr- 
hynchus  uruniae  Lesson,  1827  (Falkland  Islands 
-  Islas  Malvinas);  Otaria  pemettyi  Lesson, 
1828  (Falkland  Islands  Islas  Malvinas); 
Otaria  chilensis  Muller.  1841  (Chile);  Otaria 
uJloae  Ischudi,  1845  (u)asl  of  Peru);  Otaria 
fpdeffroyi  Peters,  1866  (Chincha  Island)  Peru; 
t\pe  specimen  lost  (Scheffer.  1958):  Otaria 
minor  Gray,  1874  (locality  unknown):  Otaria 
pygmaeaGray,  1874 (locality  unknown);  Otaria 
velutina  Philippi,  1892  (coast  of  Atacama  Prov., 
Chile);  Otaria  fulva  Philippi.  1892  (coasts  of 
Algarrobo,  Talcahuano  and  Ancud,  Chile); 
Otaria  n^FiuUppi,  1892  (locality  not  given). 

All  these  names  must  be  considered 
synonyms,  as  long  as  population  differences 
within  the  extensive  geographic  area  of 
distribution  of  the  species  have  not  been 
demonstrated. 

As  Hamilton  (1934)  has  pointed  out.  this 
large  number  of  species,  proposed  during  the 
nineteenth  century  eadi  trnie  a  skull  not  pre- 
viously seen  turned  up,  had,  as  a  source  of  error, 
the  lack  of  knowledge  of  the  species.  Fven 
among  the  adults  there  is  a  considerable  indi- 
vidualvariation,  the  animals  take  several  years 
to  become  adult,  the  specimens  of  var- 
ious ages  differ  in  form,  colour,  size  and  skull 
characteristics,  and  there  is  a  veiy  marked  dii- 
ference  in  size  and  form  between  the  sexes. 


Distribution  and  movements 


DlSlKlBUIlUN 

Areas  inhabited  or  reached  by  the  South 
American  sea  lion  include  the  Atlantic  and  Pa- 
cific shores  of  South  America,  from  Rio  de  Ja- 
neiro, Brazil,  about  23*^,  to  the  southern  tip  of 
South  America,  and  from  there,  on  the  Pacific 
side.  Zorritos,  Peru,  4''S  latitude  and  lo  the 
Galapagos  Islands.  483 
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In  Brazil,  some  specimens  have  been 
found  as  far  as  Rio  de  Janeiro  (Vieira,  1955)  but 
the  northernmost  place  in  which  some  breeding 
may  occur  is  Recife  das  Torres,  be- 
tween Estado  Santa  Catharina  and  Rio  Grande 
(29'19'S;  49  41'W). 

In  Uraguay  (Vaz-Ferreira,  1950,  1952) 
they  live  and  breed  on  the  Island  group  of  Co- 
ronilla  (33"56'S;  53  29'W)  which  contains  2  is- 
lands; on  the  Isla  del  Marco  (34"2 1  S:  SSMSW) 
of  the  Castiilos  group:  on  the  islands  of  the 
Torres  group  (34"24'S),  and  mainly  on  the  Isla 
de  Lobos  (35  Ol'S)  and  on  its  islel.  They  also 
haul  out  but  do  not  bleed  on  other  islands 
the  Atlantic  shore  of  Uruguay.  A  few  non- 
breeding  sea  lions  come  ashore  on  the  islands  of 
Las  Pipas,  in  the  mouth  of  Kio  de  la  Plata.  No 
continental  shore  colonies  exist  today  in  Brazil 

or  Uruguay. 

In  Argentina,  Holmberg  and  Aubone 
(1948,  1949)  and  Carrara  (1952,  1954)  studied 
sea  Hon  populations.  Carrara  (1952)  described 
71  places  in  Argentina  inhabited  by  sea  lions  of 
which  41  were  on  continental  shores  and  30 
were  on  islands.  Ol  the  first  group,  17  were 
between  Bahfa  Bhinca  (38*43'$;  6ri7'W)  and 
Cabo  Virgenes  (52  '19'S:  68"2I'W)  and  24  are 
between  Cape  Espiritu  Santo  (52"40'S; 
62*36^)  and  Ushuaia  (54''49'S;  eS'ieW).  Of 
the  30  island  sea  lion  colonies,  26  are  between 
Bahia  Blanca  and  Cabo  Virgenes  and  the  (Others 
near  the  shore  of  Tierra  del  Fuego,  between 
Cape  Espiritu  Santo  and  Ushuaia.  The  most 
northeriy  Argentinian  populations  are  the  ones 
situated  on  Isla  Trinidad  (39"I4'S:  6r'52'W) 
(non-breeding)  and  a  breeding  area  on  Isla  de 
los  Riachos  (ACTTA'S;  61'58'W);  the  southern- 
most group  mentioned  by  Carrara  are  on  Cabo 
Hall  (54'58'S;  65'42'W),  on  the  Gohemacion  of 
Tierra  del  Fuego  and  the  one  on  Islote  San 
Martin  de  Tours  (55WS;  66'WW):  there  are 
also  islands  and  rocks  of  the  Beagle  Channel 
which  are  accidentally  populated  by  sea  lions. 
Three  areas  of  the  Isla  de  los  Estados  situated 
on  54*43'  to  54*47'S;  64°32'  to  64°43'W  have 
breeding  groups,  l  ope/  (1950)  has  described 
colonies  Uving  near  Bahia  Thetis. 

On  the  Falkland  Islands  (Islas  M alvinas) 


(5r'30'S:  59'30'W)  Hamilton  (1939)  recorded 
64  rookeries,  vei^  few  of  which  are  on  the  shore 
of  the  main  islands  and  most  of  which  are  on 
small  islets  or  rocks  of  very  difficult  access 

According  to  Aguayo  (in  lilt  ),  creditable 
information  exists  that  a  population  of  Oiaria 
lives  on  the  Rwific  side  on  me  Diego  Ramirez 
Islands  (56^;  68*44'W)  in  the  MagaUanes 
Province. 

Aguayo  (in  press)  has  observed  speci- 
mens on  the  Fallo  and  Chacabuco  Channels, 
and  Inchnemo  Island  in  the  Province  of  Cha- 
cabuco, and  Aguayo  and  Torres  (1967)  have 
recorded  sea  lion  groups  on  Cockbum,  Ocasion 
and  Brecknoe  C  hannels  (54"20'  to  40'S;  7I"30' 
to  72"00'\\0,  in  the  Province  of  Magallanes. 
Markham  (197 1 )  mentions  the  existence  of  se- 
veral hundred  sea  lions  along  the  Toro  Fjord, 
and  a  cave  used  as  a  resting  place  by  this  spe- 
cies. The  area  studied  is  at  53"23'S:  72  '35'\V. 

Aguayo  and  Maturana  (1973)  searched 
careftilly  both  from  the  sea  and  from  the 
shores  of  Chile,  between  Punta  Maiquillahue 
and  Arica,  and  found  rookeries  and  groups  of 
sea  lions  in  islands  or  on  the  shore  of  the 
mainland,  distributed  as  follows:  from  Punta 
Maiquillahue  (39"27'S;  73°15'W)  to  Roca  Pan 
de  Azucar  (35  38'S;  73''08'W)  several  groups, 
situated  specially  on  Isla  Mocha;  northwards  to 
Punta  Toro  (33'*47'S;  7r49'W).  9  inhabited 
points  and  capes;  to  Punta  Virgen  (3I"22'S: 
7r'38'W),  22  populated  pt>mts;  to  Punta  Gua- 
niUa  (22*41'S;  TO'IT'W),  groups  on  2  islands 
and  13  points;  to  Arica  ( IS"^;  TOIO'W)  23 
capes  and  bays  populated  by  sea  Hons. 

According  to  Aguayo,  Maturana  and 
Torres  ( 1 97 1 )  there  is  no  reliable  evidence  that 
tfie  species  either  exists  or  existed  on  Juan  Fer- 
nandez Islands. 

Piazza  (1959)  and  Grim  wood  (1%8, 
1969)  published  the  distribution  of  Otaria  along 
the  Peruvian  coast.  The  latter  author  establishes 
that  "the  coast  from  13'  45'S  to  15"30'S  was  al- 
ways a  favoured  region,  and  it  still  holds  the 
greatest  number  of  animab  during  the  breeding 
season  " 

Principal  rookeries  in  this  area  are,  ac- 
cording to  Grimwood,  on  the  cliffs  of  die 


Copyrighted  material 


THE  SOUTH  AMERICAN  SEA  UON 


Paracas  Peninsula  and  islands  such  as  the 
Chinchas  and  Ballestas  groups,  islands  of  San 
Gallan  and  Las  Viejas  groups.  Breeding  areas 
also  utilized  are  Morro  Sama  (IS^OO'S; 
70"53'W).  Punta  Coles  (I7"45'S;  71"23'W), 
Puma  Cono  (17  20'S;  7r'27'W),  Punla  Isla 
(I7WS;  mxS'W),  Isla  el  Saltadero  and  Cueva 
del  Ladron  (16"35'S),  Isla  Oscuyo  (16'30'S; 
73"02'\V).  Punta  Vilcavo  (16"05'S;  73°55'W), 
Isla  San  Lorenzo  (1205'S;  77°13'W),  Islas 
Guanapo  (8'33'S;  78''57'W),  Isla  Macabi 
(7"48'S:  7r27'W)  and  Isla  Lobos  de  Tierra 
(6"30'S;  80  "5I'W). 

The  northernmost  breeding  area  is  prob- 
ably bla  Lobos  de  Tierra,  but  specimens  as 
aforementioned  have  been  obtained  in  Zorri- 
tos  (4"S)  and  the  species  has  been  recorded 
nearly  as  far  as  3°S,  but  has  not  been  known  to 
breed  there  (Grimwood.  1969). 

Some  authors  (Osgixid,  1943)  have 
included  Galapagos  Islands  in  the  distribution 
of  Otaritr,  this  inclusion  was  based  on  mis-i- 
dentified  specimens  from  the  Hassler  Expedi- 
tion (Scheffer,  1958)  and  according  to  Sivert- 
sen  ( 1954)  the  species  does  not  live  at  all  on  the 
Galapagos.  But  it  is  now  known  that  it  arrives 
there  at  least  as  a  straggler:  Wellington  and  de 
Vries  (1976)  have  described  1  specimen,  an 
adult  male,  356  mm  in  condylo-basal  length, 
found  on  10  October  1973  on  PinU  (Abingdon 
Island)  west  of  Cape  Ibbetscm,  Galapagos  Is- 
land. 


Movements 

The  South  American  sea  lion  is  not 
migratorv  on  the  whole:  even  when  the  adult 
males  retire  to  water  after  breeding  for  variable 
periods,  all  the  colonies  which  have  been  ob- 
served mamtain,  at  least  in  part,  their  land 
connexion  thimighout  the  year;  notwittistand- 
ing  this,  movements  of  groups  and  spreading  at 
sea,  sometimes  directional,  are  significant.  Ha- 
milton (1934)  has  recorded,  late  m  December, 
the  existence  of  groups  playing  and  feeding 
about  1?J)  miles  nonh  of  the  Falkland  Islands 
(Islas  Mulvinas;,  and,  early  in  November,  he 


observed  parties  of  sea  lions  apparently  head- 
ing south.  Hamilton  (1939)  noticed  that  the 
herd  at  Cape  Dolphin  gradually  becomes 
smaller  after  the  bre«]ing  season  and  continues 
to  diminish  as  the  winter  progresses. 
He  interpreted  this  as  the  result  of  a 
genuine  partial  migration,  distinct  fiom  the 
dailv  changes  caused  by  the  coming  and  going 
of  individuals  between  land  and  sea.  The  same 
author  saw  on  13  December  a  herd  of  perhaps 
SOO  sea  Uons  some  distance  <rffthoie  to  tne 
north,  gradually  drawing  into  land  and  coming 
ashore.  According  to  that  author,  the  unusual 
features  of  this  phenomenon  were  that  the 
whole  herd  was  moving  steadily  in  the  same 
direction  and  there  was  no  reason  to  believe 
that  they  were  feeding;  for  this  reason,  Hamil- 
ton adopted  the  view  that  this  was  a  party  re- 
turning from  migration,  and  considered  it 
possible  that  a  large  part  of  the  Otaria  herd  of 
the  Falklands  (Islas  Malvinas)  may  put  to  sea  in 
winter. 

In  our  studies  of  the  changes  of  land  po- 
pulations on  Lobos  Islands  (Vaz-Ferreira  and 
Palerm,  1961;  Vaz-Ferreira  1975a)  we  conc- 
luded that  th<^  are  caused  by  behavioural  res- 
ponses to  accidental  causes,  to  changes  of  wea- 
ther and  to  reproducltive  cycles.  These  changes 
of  popuMCion  on  land,  which  are  im- 
portant even  in  breeding  periods  and  in  breed- 
ing areas,  may  even  account  for  population 
changes  of  the  order  of  nearly  50  %  in  the  case 
of  Oiaria. 

Important  increases  in  land  populations 

are  observed  with  marked  drops  in  atmospher- 
ic pressure,  preceding  hurricanes  and  high 
storms;  in  these  instances,  the  increase  in  land 
populations  is  observed  before  the  stonn  starts. 
Daily,  sun-caused  temperature  increase  on 
sandy  areas  can  drastically  reduce  land  popu- 
lations. 

In  the  Falkland  Islands  (Islas  Malvinas) 
(Hamilton.  1934)  and  in  the  Isla  de  l.ohm 
(Vaz-Ferreira,  1975)  some  sandy  beaches  used 
for  breeding  during  the  summer  are  desoled  in 
winter. 

Some  of  the  breeding  areas  on  which  a 
section  of  the  population  remains  all  year  485 
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round  mav  he  occupied  by  increased  numbers 
during  the  summer;  for  example,  important 
dianges  in  populatkm  on  Cape  Dolphin  have 
been  recorded  by  Hamilton  (1939),  who  noticed 
a  change  from  2  545  individuals,  including  183 
bulls,  in  August,  to  5  854,  including  723  bulls  in 
JanuaPr. 

Certain  breeding  areas  on  flat  rocky 
zones  of  Lobos  Island  have  an  increased  popu- 
lation in  winter,  probably  as  a  result  of  bong 
occupied  by  populatioos  leaving  sandy  locali- 
ties. 

Purely  accidental  landing  of  Otaria  oc- 
curs on  some  rodcs  situated  far  away  fiom  the 
normal  breeding  grounds;  these  resting  places 
show  even  more  important  changes  of  popula* 
tion  than  the  regular  areas. 

Sea  lions  often  enter  the  Rio  de  la  Plata 
estuaiy,  sometimes  reaching  areas  of  fresh 
water,  such  as  the  Uruguay  River  and  the 
freshwater  lagoons  ot  Uruguay  and  Rio  Gran- 
de do  Sul  (Vaz-Ferreira,  196Sa).  In  Chile  they 
enter  the  Valdivia  Fluvial  system  about  49  km 
along  the  river  (Schlatter,  //;  ////  ) 

Specimens  of  Oiana  lagged  as  pups  on 
Uruguayan  islands  have  been  recovered  83S 
km  (o  the  scnithwest  of  their  birthplace,  near 
Puerto  Quequcn. 

Many  specimens  of  sea  lions  travel  along 
the  coast  of  Brazil  and  often  arrive  at  Rio  de 
Janeiro,  at  least  1  930  km  away  from  their  re- 
gular breeding  areas. 


Stocks 


Counts  and  estimations 

Census  of  wtimates  of  Otaria  have  been 

made  from  time  to  time  in  different  areas  dur- 
mg  the  last  45  years,  but  no  recent  or  simulta- 
neous counts  exist  for  all  the  zones. 

In  April  1953,  in  Brazil,  I  estimated  the 
population  of  adult  sea  lions  on  Recife  das 
Torres  to  be  around  200-300  individuals  (quot- 
ed by  Scfaeffer,  1958). 


In  Uruguay  in  February-March  1953  and 
again  in  1956, 1  counted  the  live  pups  on  all  the 
islands,  and  in  1953,  also  counted  aduh  Ouuia 
on  Isla  de  Lobos:  the  results  were  a  total  of 
7  159  pups  for  1953  on  all  the  Uruguayan  is- 
lands, and  9  1 16  pups  in  1956  for  the  same 
islands  excluding  the  CoroniUa  group.  Esti- 
mated totals  for  1954  (adults  plus  pups)  were 
about  30  000.  Ximenez  ( 1 964)  gives  tigures  for  a 
total  of  8  020  Otaria  pups  counted  in  summer 
1959  over  all  the  Islands  of  Uruguay.  In  recent 
visits  to  the  islands  (Januarv  and  February 
1973,  1974,  1975),  I  have  verified  that  the  area's 
oocu]ned  by  brrading  groups  and  their  popu- 
lation are  roughly  the  same,  with  the  exception 
of  Isla  Verde  de  Coronilla,  where  the  number  of 
pups  bom  in  1975  diminished  to  about  lOU  as 
against  516  in  1953.  The  number  of  pups  bom 
in  Uruguay  in  the  last  few  years  has  been  esti- 
mated by  I.  Ximinez.  Manager  of  Sealing, 
industrias  Loberas  y  Pcsqueras  del  Hstado 
(personal  communication)  to  be  about  1 1 000 
annually. 

In  Argentina.  Carrara  ( 1952.  I9,M)  made 
several  censuses  of  sea  lions;  his  counts  Irom 
1946  to  1949  resulted  m  a  figure  of  143  905  sea 
lions  including  19467  pups  (Carrara.  1952)  and 
later  on,  as  a  result  of  his  studies 
of  1952.  1953  and  1954,  he  gave  a  figure  of 
168  270.  No  information  has  been  published 
since  the  Carrara  counts  of  l')52o4  According 
to  J.C.  Godoy,  OlTice  of  Nature  Conservancy 
(personal  communication)  several  unpublished 
aerial  censuses  were  made  in  following  years, 
which  showed  important  changes  in  the  loca- 
tion of  some  of  the  herds.  An  aerial  census  of 
the  population  of  Otaria  Uving  in  the  Prov- 
ince of  Buenos  Aires  between  Bahia  Blanca 
and  the  mouth  of  the  Rio  Negro  in  December 
1973,  showed  the  existence  there  of  3  popula- 
tions, one  of  900  animals  at  Punta  Lobos,  a 
second  of  I  000  animals  at  Banco  Culebra  and  a 
third  group,  further  south,  numbering  60  to  80 
animals  (R.H.  Aramburu,  University  of  La 
Plata  —  personal  communication). 

On  the  Falkland  Islands  (Islas  Malvinas) 
an  extensive  aerial  survey  of  all  known  sea  lion 
colonies  was  carried  out  in  1%5,  followed  by  a 
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check  survey  in  1966  (Strange.  1972).  T  he  total 
number  counted  and  estimated  in  the  1965 
survey  was  18876,  of  which  approximately 
5  500  were  pups;  the  1966  check  confirmed  the 
count.  The  same  author  shows  that  with  all 
counts  erring  on  the  optimistic  side,  the  grand 
total  of  sea  uons  of  all  age  groups  in  1964-65 
was  a  maximum  of  30  000  animak.  This  figure 
shows  a  drastic  reduction  if  compared  with  the 
figures  given  by  Hamilton  (1939)  who  coimted 
the  pups  of  the  64  rookeries  on  the  Falklands 
(Islas  Malvinas)  from  December  1930  to  Feb- 
ruary 1936.  He  found  a  total  of  80  555  pups 
and  estimated  the  total  herd  related  to  these 
islands  to  be  371  500  or  389  500  individuals. 
This  dramatic  reduction  of  the  herds  occurred 
without  any  important  exploitation  on  the  is- 
lands and  may  have  been  caused,  among  other 
factors,  the  movement  of  populations  to 
other  areas  or  bv  the  reduction  of  available 
sources  of  ftx)d.  According  to  Strange  (1973), 
checks  made  in  1970  on  specific  colonies 
showed  little  change  in  the  state  of  the  species 
since  1966. 

In  Chile.  Aguayo  (in  press)  has  taken  a 
census,  still  unpublished,  of  the  sea  lions  of  the 
southern  part  of  the  country,  and  ^uayo  and 
Maturana  (1973)  have  taken  censuses  from 
1965  to  1971,  which  cover  from  Punta  Mai- 
quillahue  to  Arica,  counting  and/or  estimating 
a  total  for  the  7  areas  included,  of  21  887  to 
25  342  comprising  a  verv  small  number  of  pups. 

For  Peru,  the  Servicio  de  Pesuuenas  took 
censuses  and  estimates  of  13  000  for  1964;  of 
16  800  for  1968  (data  from  an  anonymous  un- 
published report  of  the  Department)  and 
Grimwood  (1969)  gives  an  estimate  of  about 
20000  for  1966.  A  census  made  in  Febraary 
1975  showed  that  the  Peruvian  herd  lives  now 
from  Isia  foca  (05  12'S.  Sf'L^'W)  to  the 
Chilean  frontier,  the  total  number  bemg 
about  20  000  (H.  Tovar-Serpa,  in  liti.). 

In  spite  of  the  limited  significance  of  the 
figures  available,  adding  partial  counts  and 
estimates  of  different  years,  some  ol  them  re- 
cent, others  very  old,  the  number  of  individuals 
on  land  for  the  whole  range  can  be  estimated  at 
275  000,  with  the  exception  of  the  sea  lions  of 


the  Chilean  coast  from  Maiquillahue  to  the 
south,  for  which  no  counts  or  estimates  have  yet 
been  published. 


Actual  and  past  state  of  the  stocks 

Sea  lions  are  decimated  by  human  agen- 
cy, including  regular  exploitation,  clandeslme 
exploitation,  and  killing  by  fishermen  on  ac- 
count of  damage  to  nets;  and  a  reduction  in 
population  is  the  rule  over  most  of  its  area  of 
distribution. 

Over  the  whole  area  of  its  distribution 
there  arc  islands  or  shore  areas  which  historic- 
ally have  been  populated  by  sea  lions  and 
which  are  not  now  inhabited  by  them 
(Vaz-Ferreira.  1956;  Hohnberg  and  Aubone, 
1948.  1949:  Grimwood.  1969). 

Sea  lion  populations,  according  to  the 
very  scanty  comparative  information  on  former 
and  later  population  sizes,  have  maintained 
numbers  in  some  areas  (Uruguay),  increased  in 
some  others  and  diminished  in  areas  such  as  the 
Falldand  Islands  (Islas  Malvinas). 


Mortauty  rates  and  causes 
of  mortauty 

The  death  rate  of  pups  from  natural  cau- 
ses, especially  in  the  first  month,  may  be  very 
hig^  as  is  shown  b\  the  great  numbers  of  dead 
pups  of  this  age  found  in  the  rookeries.  When 
the  pups  are  1  year  old,  they  again  appear  to 
suffer  an  increase  in  mortality;  at  this  stage  they 
are  frequently  found  emaciated  or  dead  on 
shore,  probablv  as  a  consec]uence  of  the  starting 
of  completely  independent  living  because  of  the 
definitive  weaning  imposed  by  the  new  ma- 
ternilN  of  their  mother.  Mortality  on  land  di- 
minishes considerably  afterwards,  since  dead 
animals  of  older  ages  are  seldom  seen. 

The  mortali^  of  young  pups  is  very  vari- 
able: it  is  sometimes  ver>'  high,  nearing  50  %  on 
crowded  rookehes,  especially  those  situated  487 
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near  hauling  grounds  containing  young  males 
who  perform  aggressive  activities  and  kill  pups 
(Vaz-Ferreira,  1%S);  it  is  much  smaller, 
sometimes  2  %,  in  uncrowded  rookeries 

Hamilton  (1934)  found  a  pup  mortality  of 
5  to  6  %  before  the  bieak-up  of  the  harems  on 
the  Falkland  Islands  (Islas  Malvinas). 

Anions  the  causes  of  mortality,  other 
than  disease,  m  young  pups,  are:  parasites, 
smashing  by  bulls  and  cows,  drowning  on  the 
shore  area,  bites  by  females  other  than  the  mo- 
ther, and  the  aforementioned  apsressive  activi- 
ties  of  sub-adult  males,  which  occur  not  only 
because  of  direct  biting  and  killing  of  pups  and 
displacement  of  them,  but  also  because  the 
increase  of  conflicts  on  the  rookeries  favours 
mortality  from  some  of  the  causes  quoted 
above. 

Increased  activity  in  males  in  areas  that 
are  not  particularlv  suitable  for  breeding,  or  too 
early  in  the  season,  can  prevent  flight  by  fema- 
les (Vaz-Ferreira,  1973)  and  this  can  also 
increase  pup  mortality  (Hamilton,  1934,  1939; 
Vaz-Ferreira,  1973). 

Non-human  causes  of  mortality  of  more 
aged  individuals  include  attacks  by  sharks  of 
unidentified  species.  This  is  evidenced  by  the 
authors  findings  of  wounded  females  and 
young  males  on  the  beadiesof  Rio  Grande  do 
Sul,  Brazil,  and  on  the  islands  of  Uruguay. 

Killer  whales,  Orcinus  area,  are  some- 
times seen  around  the  rookeries  and  probably 
consdtttte,  as  stated  by  Cabrera  and  Yepes 
( 1 940)  an  effective  predator  of  even  adult  sea 
lions.  A  leopard  seal,  Hydrurga  leptonyx,  killed 
on  Falkland  Islands  (Islas  Malvmas)  in  Octo- 
ber (Hamiltim,  1934)  contained  lumps  of  pups 
fiom  the  previous  season;  the  same  author 
reports  having  heard  of  2  leopard  seats  at- 
taddng  and  lolling  a  large  specimen  of  sea 
lion.  Brandenburg  (1938)  reports  on  ronains 
of  young  sea  lions  found  in  a  cave  where  a 
puma  was  later  trapped,  mentioning  that 
pumas*  trades  were  in  evidence  at  the  colony 
on  the  beach.  The  colony  of  sea  lions  studied 
by  Brandenburg  is  situated  on  the  eastern 
coast  ^of  Patagonia,  near  the  town  of  Santa 
Cruz. 


Vital  parameters 
Sizes  and  weights 

The  maximum  size  from  muzzle  to  tip  of 
tail  recorded  on  Isla  de  Lx>bos  for  males  is  245 
cm  and  for  females  200  cm  (Vaz-Ferreira.  un- 
publ.).  Hamilton  (1934)  in  the  Falkland  Is- 
lands (Islas  Malvinas)  found  that  the  largest 
males  measured  21 1  to  2S6  cm  and  the  largest 
females  160  to  190  cm. 

The  greatest  weight  we  recorded  in  Isla 
de  Lobos  for  males  is  305  kg;  bulls  m  Januaipr 
commonly  weigh  from  200  to  300  kg  (for  am- 
mals  between  216  cm  and  a  maximum  length 
of  245  cm),  and  they  lose  some  50  kc  in  Feb- 
ruary; it  is  possible  that  some  adult  males  in 
November  or  December  may  weigh  as  much 
as  350  kg.  A  male  of  340  kg  was  reported  by 
Fava  de  Moraes  et  al.  (1967). 

The  maximum  weight  for  adult  females 
verified  by  us  was  144  kg. 

The  medium  si/e  <if  adults  frtim  the 
Falkland  Islands  (Islas  Malvmas)  (Hamilton, 
1934)  is  234  cm  for  males  and  179  cm  for  fe- 
males. 

The  medium  length  of  newborn  pups  in 
81.7  cm  (males)  and  75.0  cm  (females)  and 
medium  weight  is  14.157  kg  (males)  and 
1 1.436  (females)  at  Isla  de  Lobos  (Vaz-Ferrei- 
ra, unpubl.).  Carrara  (1952)  has  recorded  me- 
dium lengths  of  84.5  cm  for  males,  7S.Q  cm  for 
females  and  medium  weights  of  15  kg  for 
males  and  12.5  kg  tot  females. 

Ages  at  sexual  maturity 

Of  72  cows  and  1 1  sexually-active  bulls, 
the  range  of  lengths  was  142.2-195.6  cm  for 
females  and  2 10.7-256.4  cm  for  males  (Hamil- 
ton, 1939).  For  19  pregnant  cows,  the  range 
was  146. 1 -190.4  cm. 

Hamilton  (1934,  1939)  established  a  se- 
ries of  development  groups  for  males  and  for 
females,  to  which  he  assigned  definite  ages.  To 
delimit  these  groups  he  took  as  the  basis  of 
criterion  the  following  variables:  length  of  the 
animal;  coat  colour;  tengtfa    skuU  (condylo- 
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b.isal);  skull  length  to  body  length  ratio:  ratio 
between  various  skull  measurements  and  skull 
length;  osteological  development;  dental  de> 
velopment  and  condition  of  the  reproductive 
glands,  characters  which  are  not  now  consi- 
dered adequate  lor  age  determination  (Bryd- 
en,  1972).  As  a  result  of  these  values,  he  found 

•  the  following  groups,  to  which  he  assigned  the 
ages  shown  in  the  second  column.  I'hese  ages 

,  have  not  been  confirmed,  as  no  teeth  of  sou- 
thern sea  I  i  o  n  s  h  a  ve  been  studied  for  that  pur- 
pose and  the  result  of  marking  operations  have 
not  been  published  until  now  in  any  area  of  the 

[   distribution  of  Otaria  (Table  1). 

These  age  groups  at  any  rate  may  be 
useful  to  studv  the  population  of  Oiaria  if,  in 
the  future,  they  can  be  adequately  aged  by 
means  of  tagging. 

If  the  ages  attributed  to  the  sizes  are 
correct,  then  the  beginning  of  active  sexual  life 
occurs  at  4  years  of  age  for  the  females  and  at  5 
years  for  the  males. 


Longevity 

Some  specimens  have  lived  14  years  at 

the  Montevideo  Zoo:  Flower  (1931)  men- 
tions 2  females  which  Uved  15.3  and  17.S  years 
at  the  London  Zoo:  as  the  last  one  was  about  2 
years  old  when  she  arrived  there  she  must  have 
been  19  or  29  years  old  when  she  died. 

No  studies  of  longevity  in  natural  envi- 
ronments  have  ben  published. 


The  economic  value  and  state  of  regula- 
tioBS  and  numagement  of  exploitation 


Economic  value 

Magellan  (Kellogg,  1942)  recorded  hav- 
ing seen  sea  lions  in  the  straits,  and  Europeans 
started  making  use  of  them  in  1520. 


TMe  1.  Slagn  of 


«r  OMrtr 


to  Hmltm  <l«34,  1999) 


Group 


Presumed 
months  of  age 


Total  length 
cm 


Skull  length 
mm 


N4ALiiS 


0 

0 

148.0 

(newboia) 

I 

6 

120.3  (I06.6-I37.I) 

195.6  (186-203) 

227  4  (:!5-:38) 

II 

18 

135.7  (126.9-139.6) 

III 

30 

152.4  (144.7-162.6) 

239,0  (23.^-247) 

IV 

42 

172.7  (152..V195.5) 

270  6  (261-288) 

V 

34 

210.7  (205.7-215.8) 

308.5  (301-321) 

VI 

66 

234J  (2I0.7-2S6.4) 

344.9  (388-382) 

(and  over) 

(and  over) 

I-IEMALES 


(newlMMii) 

0 

1 

6 

112.7  (  96.S-I19.7) 

186.4  (166-189) 

11 

18 

118.3  (114.3-124.4) 

201.0  (199-205) 

212.5  (212-213) 

III 

30 

125.0  (I2I.9-I29.5) 

IV 

42 

147.4  (I37.I-I58.8) 

228.4  (22().()-233-5) 

V 

34 

161.2  (153,6-170,2) 

237.8  (228.0-247.5) 

VI 

<6 

170.5  (1600-1778) 

248.5  (242.5-255.0) 

VII 

78 

1X0  1  (170  2-1905) 

255,7  (2470-263,5) 

VIII 

90 

184  6  (177  8-1930) 

261.7  (254.5-264.0) 

IX 

102 

1880  (172.7-195.6) 

261.9  (257.0-269.0) 

X 

186.2  (175.3-195.6) 

266.7  (255jO-276.0) 

(and  over) 
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It  soon  became  the  custom  to  provision 
ships  with  sea  Uon  meat  and  the  blubber  of  this 
large  seal  provided  them  with  oil. 

According  to  the  same  author,  as  early  as 
1535  Alcazaba  took  sea  lions  from  Chubut. 
Patagonia,  and  Sir  Francis  Drake  in  1577  pro- 
visioned his  vessds  with  some  200  sea  hons 
killed  III  Port  Desire.  Patagonia.  In  the  same 
paper,  Kellogg  quotes  from  Balch  that  52  000 
sea  lion  skins  were  taken  in  1821-22  by  the 
shore  crews  of  the  American  brigs  Alabama 
and  Frederick  on  the  islands  of  Mocha  and  St. 
Marys,  ofT  the  coast  of  Chile. 

Niunben  of  sea  lions  killed  and  accounts 
of  killings  in  some  areas  of  its  distribution  and 
during  several  periods  have  been  given  bv: 
Devincenzi  (1895),  who  gives  numbers  killed 
in  Uruguay  from  1873  to  1894,  apparently  of 
both  Arctocephalus  aus traits  and  Oiaria  fla- 
ve.scens  together:  and  by  Perez  Fontana  ( 1943) 
who  mentions  1U8  1 16  sea  hons  killed  in  Uru- 
guay from  1910  to  1942.  The  Uruguayan  kill 
from  1943  to  1952  (Vaz-Ferreira,  unpubhshed) 
was  25  192.  Holmbcrg  and  Aubone  (1948, 
1949)  Carrara  (1964),  Lopez  Arregui  and 
Gonzales  Regalado  (1940)  and  Urraga  (1937) 

five  some  data  on  exploitation  in  Argentina, 
trange  (1972)  quotes  39^96  sea  hons  har- 
vested on  the  Falkland  Islands  (Islas  Malvi- 
nas)  from  1928  to  1940,  and  3  045  from  1949  to 
1952.  Kellogg  (1942)  gives  an  account  of 
human  exploitation  for  several  places  include 
ing  the  Pacific  coast. 

Acosta  V  Lara  ( 1884,  1900),  Arechavaleta 
(1882),  Peso  Blanco  (1911).  and  Devincenzi 
(1925),  Smith  (1927)  and  De  Buen  (1947) 
have  given  accounts  of  expkntation  in  Uruguay. 

Sea  lions  are  difficult  to  kill;  sealers  beat 
the  seal  on  the  nose  with  large  and  stout 
wooden  clubs  which  have  to  be  very  strongas 
adult  males  are  difficult  lo  knodc  out.  The 
animal  is  normally  then  stabbed  in  the  heart 
with  a  knife  and  killed.  On  Cape  Polonio  in  the 
past  the  killing  was  done  with  long  lances. 

According  to  Carrara  (1964),  the  natives 
of  the  southern  tip  of  South  America  used  to 
kill  sea  hons  during  2  seasons  each  year:  in 
Jufy-Attgust  they  kflled  particular^  oM  males 


and  in  December-January  they  killed  adult 
females  and  pups.  From  the  sea  lions  they 
obtained  oil,  which  they  stored  in  sea  lion  sto- 
machs, and  hides,  with  which  they  made  small 
inflated  boats  or  rafts.  To  make  these  they 
sewed  2  skins  together  and  inllated  air  be- 
tween than. 

The  meat  was  also  used  to  a  large  extent 
for  human  consumption,  the  preferred  parts 
being  the  heart,  brain,  liver  and  tongue. 

The  same  author  after  quoting  Lizarraga 
tells  of  the  drinking  bv  primitive  Peruvian  na- 
tives of  the  sea  hons'  blood,  and  says  that 
haematophagy  with  sea  lion  blood  is  still 
practised  by  some  sealers  who  believe  that  it  is 
good  to  strengthen  themselves. 

Sea  lion  meat,  which  was  eaten  by  man 
in  the  days  of  sailing  vesseb,  is  no  longer  con- 
sumed by  Fun>[X'ans. 

The  }iidcs  i)t  adults,  used  in  the  past  for 
making  harnesses  and  trunks,  arc  employed 
now  for  suede,  carpets,  boots,  belts,  industrial 
gloves  and  other  leather  goods  where  the 
many  scars  which  appear  on  the  skin  of  males, 
and,  to  a  lesser  degree,  of  females,  do  not  affect 
production.  The  hides  of  3-5  week  old  pups, 
which  are  used  for  ladies*  coats,  fetch  much 
better  prices. 

Oil  obtained  mostly  from  the  subcuta- 
neous blubber  and,  at  Isla  de  Lobos,  from  the 
boiled  meat,  is  employed  for  tannery  and  other 
uses.  Meat,  when  produced,  is  used  as  animal 
feed.  According  to  Perez-Fontana  (1943)  a  sea 
lion  of  260  kg  produces  (no  season  given) 
34.125  kg  of  oil  and  39.750  kg  of  meat. 


Regulation  and  numagenent  of  oqiioi- 
tation 


The  Unjguavan  herd  is  exploited  by 
ILPE  (Industrias  Loberas  y  Pcsqueras  del 
Estado,  formerly  SOYP),  a  government  agen- 
cy which  has  the  exclusive  right  to  exploit  and 
manage  the  resource.  The  annual  har\'est  of 
^oung  individuals  is  conducted  on  the  several 
islands  populated  by  the  species. 
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The  majority  of  animals  taken  in  the 
harvests  are  now  males;  to  accomplish  this,  the 
sea  lions,  when  possible,  are  driven  to  the 
interior  of  the  islands  where  the  sexes  are  sep- 
arated. Accordmg  to  I.  Ximenez  (personal 
commiiiiicatioii),  500  females  were  among  the 
3  260  and  3  ISO  individuab  lolled  in  1974and 
1975,  respect  ivelv 

The  Argentinian  sea  lion  colonies  come 
under  the  provincial  adminbtrations,  which 
have  especially  in  Chubut  been  developing 
research  and  management  programmes.  Even 
though  the  grantmg  of  hcences  to  private  per- 
sons to  harvest  sea  lions  is  allowed  law,  no 
ocploitation  now  occurs  in  Argentina,  except 
for  poaching. 

On  the  Falkland  Islands  (Islas  Malvi- 
nas),  a  moderate  kill  took  place  in  1962  and 
1963  but  afterwards,  when  it  was  known  that  a 
drastic  reduction  of  the  population,  for  un- 
known reasons,  had  occurred,  the  kflling  was 
stopped. 

In  Chile,  according  to  Laws  (1973).  sea 
lions  are  protected  by  law  but,  according  to 
Aguayo  and  Maturana  (1973),  some  private 
sealers  kill  them  indiscriminately.  According 
to  A.  Aquayo.  Naturhistoriska  Riksmuseet  (in 
lilt,,  24/5/76),  G.A.  Atalah,  Institute  dc  la  Pa- 
tagonia (m  18/3/76)  and  to  R.P.  Schlatter, 
Universidad  Austral,  CMe  (in  tttt,,  30/4/76), 


TaUe  2.    Numben  Ulled  from  1963  io  1976 


Year 

I.obos  Islands 
and  lslol« 

r;ih<>  Polonio 
Islands 

Total 

1963 

2  300 

700 

3000 

1964 

2063 

332 

2395 

I96S 

1718 

596 

2316 

1966 

2061 

2061 

1967 

2800 

2100 

1968 

1208 

I8S9 

3067 

1969 

944 

1987 

2931 

1970 

988 

1  900 

2  888 

1971 

985 

1  84U 

2  825 

1972 

1  075 

2  010 

3065 

1V73 

1-042 

2022 

3064 

1974 

lOSO 

2210 

3  260 

1975 

3  150 

1976 

1020 

2220 

3240 

important  poaching,  especially  of  pups,  takes 
place  in  Chile,  but  no  regular  or  legal  exploi- 
tation has  occurred  in  recent  years:  the  killing 
of  seals  has  been  stopped  since  1970,  except 
under  special  permits.  However,  according  to 
Schlatter,  some  killing  to  control  populations 
of  Otaria  is  done  by  the  authorities  in  areas  in 
which  there  are  many  complaints  from  fisher- 
men. 

In  Peru,  the  exploitation  of  sea  Hons  has 

been  permitted  since  July  1967  (Information 
Fishery  Service  of  Peru.  !97l)hut  in  ;i  limited 
and  experimental  way;  the  government  holds 
the  r^t  of  and  responsibility  for,  determining 
the  areas  of  exploitation  and  the  ages  and 
sexes  of  the  animals  which  may  be  killed. 


ReereatioBal  and  aesthetic  values 


Specimens  of  sea  lions  arc  kept  in  zoo- 
logical gardens  in  manv  parts  of  the  world,  as 
they  adapt  themselves  easily  to  life  in  captivity. 
For  this  reason,  a  certain  number  of  sea  lions 
from  6  to  18  months  old  arc  captured  on  the 
Uruguayan  islands,  and  taught  to  accept 
hand-feeding  with  small  pieces  of  filleted  fish. 
Once  adapted  to  feeding  in  captivity,  they  are 
exported  to  other  zoos  and  aquaria. 

Some  sea  lion  colonies  are  exploited  to 
attract  tourism.  On  Isla  de  Lobos  there  is  a 
rookery  with  a  hauling  ground  on  the  beach, 
which  is  visited  daily  in  the  summer  by  guided 
tours  going  by  boat  from  the  nearby  Punla  del 
Este.  The  breeding  areas  of  Penmsula  Valdes 
in  Argentina  together  with  the  rookeries  of  sea 
elephants  are  visited  annually  by  many  tour- 
ists. 


Food  and  relation  to  other  resources 


Food  habits 

The  South  American  sea  lion  feeds 
mostly  in  shallow  waters,  often  less  than  S  491 
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miles  from  shore  or  near  its  hauling  or  breed- 
ing ureas.  They  often  swim  inside  fish  banks 
with  sea  birds  or  cetaceans.  This  happens  near 
Lobos  Islands,  where  schools  of  anchovies, 
Engraulic  anchoita,  and  some  of  its  predators 
form  compact  schools  during  the  late  summer; 
the  same  fact  has  been  mentioned  by  Hamil- 
ton (1934),  for  an  area  of  water  about  120  miles 
north  of  the  Falkland  Islands  (islas  Malvinas) 
in  which  many  Oftiraa  guther  during  Novem- 
ber and  December. 

From  the  scantv  information  on  the  food 
content  ol  stomachs,  il  can  be  mferred  that  the 
more  common  items  are  fish,  crustaceans  and 
molluscs.  On  Isia  de  Lobos  (Vaz-Feneira, 
1950),  1  studied  the  gastric  content  of  200  adult 
males  taken  in  late  February  from  a  hauling 
ground,  and  always  found  in  these  land-sta- 
tioned specimens,  cither  empty  stomachs 
(28  ^  )  or  much  digested  food,  which  was  40  % 
fish  and  3 1  %  a  yellow,  unidentifiable  liquid; 
some  of  the  stomachs  contained  squid  or  Oc- 
topus beaks,  or  epg  shells  of  elasmobranch 
fishes.  One  adult  male  caught  in  the  Islote  near 
Cabo  Polonio  in  February  1974,  contained  egg 
shells  and  vertebrae  of  an  elasmobranch. 

In  the  I-alkiaruls  (Islas  Malvinas).  Ha- 
milton (1934;  found  that  the  diet  ol  Oiuria  is 
varied,  the  commonest  food  being  squid  (Lo- 
ligo),  then  the  crustacean  Mimida  and  finally 
fish:  he  based  this  conclusion  on  the  assump- 
tion that  bv  the  action  of  the  gastric  juice  of  the 
sea  lion  the  ink  of  LA>Ugo  becomes  a  bright 
yellow  and  that  colour  is  maintained  even  in 
the  faeces;  similarly,  with  Munida,  the  faeces 
are  brick  red  and  the  skeletal  parts  of  the  cru- 
staceans are  found  on  them;  the  faeces  derived 
from  fish  are  grev  antl  contain  bones.  The 
same  author  states  that  occasionally,  the  spe- 
cies eats  large  Medusae. 

Aguayo  and  Maturana  ( 1973)  upon  exam- 
ination of  food  from  32  stomachs  of  Otaria 
obtained  in  Valparaiso  (February  and  March) 
conclude  that,  excluding  12  empty  stomachs, 
and  4  corresponding  to  pups  containing  milk, 
the  16  remaining  individuals  contained  a  high 
percentage  (75  %)  of  fish,  including  "cabrilla" 
Sebastodes  ocukUus^  'teerluza"  Merbtedus 


eayi,  "sardina"  Clupea  henlinckii  and,  in  a 
lesser  amount,  35  %,  remains  of  molluscs  — 
"jibia"  Dosidicus  ^gas,  "caraoor  Tegula  sp., 
"loco"  Concholepas  concholcpas  -  and  cru- 
staceans "camaron"  Heterocarpus  reedi. 

Murphy  (1920)  (quoted  by  Piazza,  1959) 
studied  one  stomach  from  the  Peruvian  coast, 
finding  in  it  remains  of  at  least  5  species  offish, 
in  some  areas  Otaria  eat  penguins  and  other 
birds.  Hamiltoii  (1934)  describes  how  large 
parties  of  sea  lions  pursue  the  groups  of  pen- 
guins coming  ashore  on  Bird  Island,  West 
Falkland  (where  there  is  a  very  large  rookery 
of  lockhopper  penguins),  surround  tfiem  and 
catch  some  of  the  birds. 

The  same  author  also  has  reports  of  sea 
lions  eating  logger  or  steamer  ducks  {Tachye- 
res\  Boswall  (1972)  gives  a  summary  of  exist- 
ing information  dealing  with  predation  on 
penguins  by  Otaria  which  shows  that  Magel- 
lanic penguins  Spheniscus  magelianicus,  rock- 
hopper  poiguins  Eudyptes  enstatus  and  gen- 
too  penguins  Pigoscellis  papua.  are  caught  at 
sea  or  land  and  eaten  by  sea  lions.  Quoted 
observations  are  from  point  Tombo,  Chubut, 
Argentina,  whwe  Conway  has  seen  predation 
on  Spheniscus  magelianicus;  and  Falkland  Is- 
lands (Islas  Malvinas)  where  Hamilton,  Rum- 
boll,  Strange  and  earlier  travellers,  have  re- 
ported the  capture  by  sea  lions  of  the  3  species 
of  penguins  mentioned  above.  Apparently, 
particular  adult  individuals  have  learned  to  do 
this. 

Other  observations  refer  to  Staten  Is- 
land, where  about  20  rockhoppers  were  caught 
in  about  4  hoars  by  one  male  Otaria.  Accord- 
ing to  O.S.  Feting  (quoted  by  Boswall)  "a 
common  sight  on  the  beaches  in  the  Falkland 
Islands  are  skins  of  gentoo  and  rockhopper 
penguins  turned  inside  out  with  head,  flippen 
and  feet  still  attached".  This  manoeuvre,  well- 
known  in  the  leopard  seal  Hydruri^a  leptonvx, 
is  attributed  in  this  case  by  the  author  to  sea 
lions. 

At  the  harbour  of  Punta  del  F.ste,  Uru- 
guay, it  is  common  to  see  5  to  30  sea  lions 
which  have  learned  local  and  specialized 
feeding  ways,  eating  fish  residues  wnicfa  have 
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been  thrown  by  tlshernien  or  by  people  who 
want  to  watch  the  very  tame  seau. 

Stones  are  a  veiy  common  non-food 
item  in  the  sea  lion  stomach  content;  the  stom- 
achs of  most  of  the  200  males  referred  to 
above,  killed  on  bla  de  Lobes,  Uruguay 
(Vaz-Ferreira,  1950)  contained  from  1  to  7 
stones,  with  diameters  from  1  to  22  cm;  the 
total  weight  for  the  stones  found  in  each  slom- 
adi  varied  from  180  to  1  525  g;  Hamilton 
(1934)  found  in  1  aduh  male  from  the  Falk- 
land Islands  (Islas  Malvinas)  6  stones  with  a 
total  weight  of  1  460  g  and,  in  three  Icmalcs 
with  body  lengths  of  ^157  cm,  from  3  to  22 
stones  weighing  57-709  g;  the  stones  arc  often 
beachwom,  but  sometimes  have  sharp  angles. 


Relation  to  other  resources 

Competition  of  sea  liiHis  with  man  for 

food  resources  is  evident,  as  a  part  of  the  sea 
lion  feeding  grounds  coincides  with  shore 
fisheries,  but  no  estimation  of  the  total  compe- 
tition can  be  worlced  out  with  the  scanty  data 
available. 

In  contrast  with  Arcfocephalus  auslralis. 
the  South  American  sea  lion  is  well-known  for 
its  habit  of  following  fishing  boats  for  several 
days,  taking  fish  from  the  nets  and  causing 
severe  damage  to  fishing  tackle. 

Direct  interference  with  fisheries  occurs 
particularly  with  fishing  gear  and  with  fish  al- 
ready hooked  or  caught  in  the  nets. 


The  damage  is  more  pronounced  in 
shore  trammel  nets  or  fishing  lines  which  are 
thoroughly  examined  by  the  sea  lions,  which 
eat  and  destroy  many  of  the  fish,  consuming 
particularly  the  visceral  parts. 

Apart  from  this,  there  is  sometimes  veiy 
serious  damage  to  the  mesh  of  the  nets.  No 
estimates  of  the  damage  are  available. 

There  is  no  apparent  competition  be- 
tween OtariaflavescensvoAArctocephahtsauS' 
trails,  as  the  second  species  feed  on  areas 
which  are  deeper  and  farther  offshore  than  the 
ones  exploited  by  the  sea  lions. 

Other  interferences  of  sea  lions  are  with 
penguins,  which  are  themselves  a  human  re- 
source and  are  consumed  by  sea  lions,  and 
with  vegetation,  which  may  be  destroyed  by 
the  passage  of  sea  Uons;  this  happens  specially 
with  the  "tussac  grass"  Poa  flahellata  on  the 
Falkland  Islands  (Islas  Malvinas). 


Recommendations 


Research  should  be  encouraged  into 
different  zones  of  its  area  of  distribution, 
dealing  especially  with  the  following  subjects: 

—  possible  morphological  differences  be- 
tween populations; 

—  population  dynamics; 

—  vital  parameters: 

—  relation  with  fisheries. 
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ARC  TOCEPHALVS  AUSTRAUS  ZIMMERMANN, 
SOUTH  AMERICAN  FUR  SEAL 


R.  Vaz>Ferreira 


The  South  American  fur  seal  {An  tocephalus  ausmilis)  is  distributed  along  the  Atlantic 
and  Padfic  oouls  of  South  America,  reaching  north  lo  at  least  Sao  Paub.  Brazil,  and  to 
Paracas  Ptninsula  fai  southern  Pieru,  wifli  rookeries  on  atmut  6  islands  along  the  coast  of 
Uruguay,  several  populations  along  the  coast  of  the  province  of  Chubut  and  on  Isia  de  los 
Estados  in  Argentina,  and  colonies  in  the  Falkland  Islands.  Chile  and  Peru.  Although  the 
Uruguayan  population  is  not  migratory,  fur  seals  there  may  spread  widely  at  sea  during 
winter,  travelling  several  hundred  miles  north  or  south  along  the  coast.  Distinguishing  skull 
characteristics  and  genera)  aspects  o(  the  pelage  are  reviewed.  Common  and  scientinc  names 
are  given.  Adult  males  and  females  reach  maximum  lengths  and  weights  of  I88.S  cm  and  IS9 
kg,  and  142.5  cm  and  48.5  kg.  respectively.  Limited  data  on  reproductive  parameters  are 
available.  Fur  seals  feed  over  a  wide  area  of  the  contincnial  shelf  and  beyond,  caasing  little  or 
no  disturbance  to  commercial  fishing  operations.  Different  breeding  seasons  and  other  me- 
chanisms allow  convivence  oi this  species  with  the  South  American  sea  Hon  {Otaria flavesceiu) 
without  major  interference. 

Fur  seals  have  been  harvested  in  South  America  for  several  centuries.  Review  of 
exploitation  records  of  Uruguayan  fur  seals  shows  a  drastic  reduction  in  the  population 
following  the  beginningof  this  century  with  a  drop  in  the  average  annual  harvest  Trom  16  175 
animals  (1873-1900)  to  3400  animals  (1943-47).  after  which  a  government  programme  of 
management  and  exploitation  was  begun.  I'he  population  has  been  increasing  since  1949. 
with  total  estimated  numbers  in  1953  at  26  444  animals,  more  than  two-thirds  of  them  on  Isia 
de  Lobos.  and  in  1972  at  252  000  animals.  Present  numbers  are  probably  similar  to  those 
around  1900  and  the  species  now  amstitutes  a  very  important  Uruguayan  resource,  earning 
revenues  of  the  same  order  as  the  fisheries.  Harvests  for  the  past  5  years  have  averaged  near 
12  000  animals,  mostly  males:  the  oil  and  meat  are  used  in  some  cases. 

There  is  appurer)tly  no  present  exploitation  of  fur  seak,  except  perhaps  poaching,  in 
Other  areas  of  its  distribution.  Estimates  published  in  19S4  give  a  total  of  2  700  fur  seals  in 
Argentina,  mostly  on  Isia  de  Los  Estados;  40  000  animals  were  found  to  be  living  in  Magal- 
lanes  Province,  Chile,  in  1976;  and  in  Peru,  1968  figures  show  II  806  fur  seals  dislnhuled 
mostly  in  3  areas.  It  appear^  that  popuhitions  in  these  countries  are  either  stable  or  dimini- 
shing. The  FalMand  Islands  po  pulation  was  stable  between  1951  and  1966  and  may  be  so 
today:  it  was  estimated  to  im  ludc  15  000- 16 000 flir  seals  in  1965-66.  The  difficult  access  of 
most  rookeries  discourages  the  recreational  use  of  this  species  and  it  has  only  rarely  been 
maintained  successfully  in  captivity.  ReoommendalMnis  for  fiulber  researdi  indude  invetti- 
gaiion  of  possible  mocphological  difTerenoes  between  populations  and  studies  of  the  slate  of 
southern  stocks. 
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L'otarie  a  fourriire  d'Am^riqiie  dii  Slid  (Arcincephalus  australis)  est  distribute  le  long  de 
ia  cdte  allantique  et  pacifique  d'Am^nque  du  Sud,  ailant  au  muins  vers  Ic  nurd  jusqu'a  Sao 
Paulo  (BrMl)  et  jusqu'ik  la  ptoinsule  de  Paracas.  ao  sod  du  Ptroo.  avec  des  rookeries  sur  ao 

moins  6  ilcs  dc  la  cntc  uruguavfnnc,  plusicurs  populations  Ic  lonr  do  la  cote  dc  la  province  dc 
Chubutetsur  Islade  los  Bstados,  en  Argentine,  et  dcs  colonics  aux  lies  FaUcland,au  Chili  et  au 
Pirou.  Bien  que  la  population  iiruguayenne  ne  pratique  pas  de  migrations,  les  otaries  i 
fourrure  de  cette  rt^gion  s'eloignent  sensiblemcnt  en  iner  pendant  I'hiver  et  parcourent  plu- 
sieurs  centaines  de  miiles  ie  long  des  cotes,  vers  le  nord  ou  le  sud.  L'auteur  passe  en  revue  les 
canictiristiqoes  craniennes  distinctives  ainsi  que  les  aspects  giniraux  du  pelage,  II  indique  les 
noms  commiins  et  scicniifiquos  l.cs  males  et  les  fcmclles  adultes  atteignetit.  rcspcc  livement. 
des  longueurs  et  des  poids  maximaux  de  188,5  cm  et  159  kg,  142,5  cm  et  48,5  kg,  On  possede 
des  donntes  Umitto  sur  les  param^res  de  la  reproduction.  Les  otaries  i  fouirure  s'aKmentent 
sur  une  vasle  surface  du  talus  continental  et  au-dela  dc  celui-ci  et  perturbent  pen  mi  p  is  du 
tout,  les  operations  de  p^he  commerciale.  Les  differences  de  saisons  de  reproduction  et 
d'autres  mteantsmes  pertnettent  k  cette  esptee  de  ooexister  avec  I'oiarie  i  crini^  {Otaria 
flcncMcns)  sans  interftJrenccs  majeures.  l.cs  otaries  a  fourrvirc  ont  etc  cxploiiccs  en  Amcriquc 
du  Sud  pendant  des  siddes.  Line  ^tude  des  archives  d'exploitation  des  otaries  a  fourrure 
d'Uniguay  montre  un  fltehissement  colossal  de  la  population  au  dtbut  du  siide  acoonipagne 
d'une  chute  des  captures,  de  16  175  animaux  (  IS73-1'HM))  a  3  4(Xt  (1943^7);  un  programme 
gouvernemcntal  de  gestion  el  d'exploitation  a  et«^  ensuite  apphqu^. 

La  pt^pulation  a  augment^  depuis  1949:  on  a  estini6  que  la  population  totale  ftaii  de 
26  444  sujcts  en  1953.  plus  des  dcu\  tiers  se  trouvant  sur  Isla  de  I.obos,  et  de  252  0()0  animaux 
en  1972.  Les  elTeclifs  actuels  sont  probabiement  comparables  k  ceux  qu'on  rclcvait  vers  1900 
et  I'esptee  constitue  maintenant  one  tr£s  importante  source  de  revenue  pour  TUruguay.  dont 
les  montants  sont  comparables  a  ceux  des  pechcs  \u  cours  des  cioq  dcmidres  annccs.  Ie 
chifTre  moycn  des  captures  a  ^tc  dc  12  000  animaux  environ,  surtout  des  m&les;  I'huile  ct  la 
chair  sont  utiltsies  occasionnellement. 

A  I'hcurc  acluclle,  les  otaries  ;1  fciurrure  iic  sinii  .ipparcmnienl  pas  cxploitecs,  a  I'ex- 
ception  peut-etre  du  braconnage,  dans  d'autres  regions  de  leur  distribution.  Les  estimations 
publi6es  en  1954  tndiquent  on  total  de  2  700  animaux  en  Argentine,  surtout  sur  bla  de  los 
Estados:  on  a  constate  que  40  000  animaux  \  i\  aicni  on  1976  d.ms  la  province  de  Magallanes 
(Chili);  au  Perou.  les  chiffrcs  relatifs  a  1968  mdiquent  1 1  80()  otaries  a  fouirure.  qui  sont 
distributes  en  majeure  pariie  dans  trois zones.  Ilapparait  que  les  populationsdeces  pays  sont 
stables  ou  diminueni 

La  population  des  lies  Falkland  etait  stable  entrc  195 1  et  1966;  elle  Test  encore  peut-elre 
aujourd*hui.  En  l%5-66.  on  estimait  qu'elle  comprenait  IS 000-16000  otaries.  La  difficult^ 
d'acccs  dc  la  plupart  des  rookeries  dccourage  I'utilisation  recreative  de  cette  especc.  qu'on  a 
rarement  pu  tenir  avec  succ^  en  captivity.  Les  recommandauons  relatives  k  la  recherche 
future  comprenneiit  la  determination  d'^entuelles  difKErences  morphologiqoes  entre  les 
populations  et  I'dtode  de  I'itat  des  stocks  do  sud. 

ExOaeto 

El  lobo  marino  de  dos  pelos  de  America  del  Sur  {Arcim  cphnlus  australis)  se  encuentra  a 
lo  largo  de  las  costas  del  Ailkniico  y  el  Pacifico  de  America  del  Sur,  Uegando  por  el  norte  ai 
menos  hasta  Slo  Paolo,  en  Brasil.  y  la  pentnsola  de  Paracas,  en  el  PtrA;  se  encoentran 
criaderos  en  sets  islas  de  la  costa  del  L'  ruguay,  varias  pobtadones  a  lo  largo  de  la  provincia  de 
Chubui  y  en  la  isla  de  los  Lstados  (ArgentinaX  y  algunas  Golmiias  en  las  islas  Malvinas 
(Falkland),  Chile  y  Pcrfi.  Aunque  la  poUacttn  de  Uruguay  no es  migratoria,  los  lobos  pueden 
498    dispenane  mtidio  por  el  mar  durante  el  inviemo.  reoorriendo  varios  oenlenares  de  miOas 
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hacia  el  norte  o  h;ici;i  cl  viir  :i  \o  l.irri^  dc  l.i  cusla  Sc  cxaminan  las  caracteristicas  cranicas 
distintivas  v  los  aspcclos  gcncralcs  del  pciajc.  Sc  dan  los  numbrcs  vulgar  y  cicnlinco.  La  lalla 
y  peso  mdximos  de  los  machos  y  hembra  adultos  son,  respectivamente,  188,5  cm  y  1 59  kg  y 
142.5  cm  V  48.5  kg  l.os  dalds  ilispdnihlcs  sohrc  I<is  panimclrtisdc  rcproduccion  son  limitados. 
Estus  lohos  sc  alimcntan  cn  una  vasia  zona  dc  la  plataforma  conlinental  y  (uera  de  ella, 
sin  interferir,  o  apenas,  con  las  actividades  de  pesca  oomcfdaL  La  difcrenda  de  las  tempotadas 
de  cria  v  oiros  mecanismcn  permitcn  la  convivencia  de  esia  especie  oon  el  Ie6ll  niarino 
dc  America  del  Sur  (Oiaria Jlavescens)  sin  interiercncias  imponanics. 

El  lobo  roarino  de  dm  pekks  se  ha  cazado  cn  AmMca  del  Sur  desde  haoe  varios  agios. 
I. OS  dalds  sobrc  la  cxpldtacion  dc  eslc  Idbo  cn  Uruguay  rcflcjan  una  rcdiRc  ion  radical  dc  la 
poblacion  a  partir  de  pnncipios  de  esle  siglo,  con  una  disminucion  de  la  pruduccion  media 
anual  de  16  175  animales  (1873-1900)  a  3  400  (1943^7),  como  consecuenda  de  lo  cual  el 
Oobierno  iniciu  iin  progranui  dc  rcgulacicSn  \  dc  c\plotaci6n.  I. a  poblacicSn  ha  ido  cn  aumento 
desde  1949,  y  su  niimcro  tolal  sc  eslunaba  en  1953  en  26  444  animales,  mas  de  la  milad  dc  cUos 
en  la  isia  de  Lobos.  y  en  1972  en  252  000  animales.  En  la  actnalidad  sn  nfimero  es  probable- 
mente similar  al  dc  1900  v  ho\  dia  la  cspccic  constiluvc  un  rccurs<i  muv  importantc  para  el 
Uruguay,  oon  ingrcsos  del  mismo  ordcn  que  los  dc  las  pcsqucrias.  Durante  los  ulitmos  cinco 
anos  la  captuia  media  ha  sido  de  12  000  animales.  en  su  mayorfa  machos:  en  algunos  casos  se 
aprovecha  tambi^n  cl  accilc  \  l.i  carnc 

Estc  lobo  marino  no  se  explota,  segiin  parecc,  en  el  resto  de  su  zona  de  dislribuci6n, 
excepto,  quiziis,  clandestinamente.  Las  estimadones  publicadas  en  19S4  dan  un  total  de  2  700 
lobos  cn  Argentina.  pr;rK  ipjlmcntc  cn  la  isla  dc  losEslados;  cn  la  provincia  dc  Magallancs.  cn 
Chile,  se  enconlraron  40  UOU  animales  cn  1976;  en  Perd,  las  cifras  oorrespondientes  a  1968 
arrojan  II  806 lobos, distribuidos pnncipalmenteentreszonas.  Parecequelaspobtadonesde 
cst>s  paiscs  son  cslablcs  o  csuin  cn  dismmucion.  La  poblacion  dc  las  islas  Malvinas  (Falk- 
land) semantuvoestableenire  1931y  1966yesposiblequeloseaaunhoy;elnumerodek>bo8 
en  esa  zona  se  estini6  cn  IS  O0O-I6 000 en  I96S-66.  Las  dificultades  de  acceso  a  la  mayoria  de 
los  criadcrds  no  permiten  aprovechar  con  fines  rccrcaii  vos  csta  c-specic,  y  s61o  en  raros  casos  sc 
ha  logrado  mantener  a  estos  animales  en  cautividad.  Entrc  las  recomendaciones  para  inves- 
tigadones  futuras  hay  que  dtar  la  necesidad  de  estudiar  las  posibles  diferendas  morfol6gicas 
entre  bts  diveisas  poUactones  y  bi  situad6n  de  las  poblaciones  meridionales. 


/?.  yaz-Ferreira 

UniversiJaJ  de  la  Republica,  Departamenio  de  Zooiogia  yeriebrados,  Juan.  L.  Cuestas  J 325, 
Montevideo,  Uruffiay 
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Identificatioii  of  the  apedes 


Characteristics 
General 

Arctocephalus  australis  (Zimmermaan), 
the  South  American  fiir  seal,  is  grey  with  a 
silver,  orange  or  red  tinge  on  the  back,  and 
orange-grey  on  the  hellv.  I. ike  other  members 
of  the  £enus  Arctocephalus,  A.  australis  has  a 
pointed  nose  and  is  mailcedly  dimorphic;  the 
nedc  area  of  the  males  has  hair  which  is  stifTer 
and  longer  than  that  of  females,  which  have 
very  little  specialised  hair  on  the  neck.  Large 
males  readi  lengths  of  cm  (Isla  de  Lobos 
-  Vaz-Ferreira,  unpublished)  and  weights  of 
159  kg  (recorded  by  Repenning.  Peterson  and 
Hubbs,  1971,  from  the  Falkland  Islands,  (Islas 
Malvinas)).  The  females  reach  142.5  cm  and 
48.5  kg  (specimens  on  Isla  cje  Lobos).  The 
maxim uni  recorded  skull  length  for  males  is 
258.5  mm  and  209  mm  for  females  (specimens 
from  Isla  de  Lobos,  Uruguay  -  Vaz-Ferreira, 
unpublished). 

As  established  in  the  revision  of  the 
genus  Antoeqfkahis  by  Repenning,  Peterson 
and  Hubbs  (1971),  the  skull  of  A.  australis  is 
characteristic  in  that  the  palate  is  moderately 
broad  and  slightly  arched  anteriorly,  wider 
than  in  A.  tropieaHs  and  narrower  than  in  A. 
forsteri.  The  nasals  widen  markedfy  anterior- 
ly; the  rostrum  is  moderately  long  and  the 
occipital  crest  just  covers  the  braincase,  the 
forehead  being  almort  flat  above  the  oibits. 
The  depth  of  the  juga!  bone  in  the  region  of  its 
postorbital  process  is,  in  old  males,  according 
to  Repenning,  Peterson  and  Hubbs  (1971X 
probably  extreme  for  the  genus;  the  nuudUaiy 
shelf  is  long. 

The  dental  formula,  as  m  other  Arctoce- 
phalus b  1 3/2,  C 1/1,  PC  6/5;  the  accessory 
cusps  of  the  postcanines  are  more  pronounced 
than  in  the  other  species  of  the  genus,  except 
A.  pusillus,  which  has  even  more  pronounced 
acoessoiy  cusps. 


External  aspect,  colour  and  hair 

No  distinctive  characteristics  of  the  ex- 
ternal form  of  Antocef^ahts  australis  have 
been  worked  out  at  a  specific  level 

The  colour  df  adult  males  may  vary  in 
different  specimens  between  black  or  silvery 
grey  or  grey-orange  and  grey-yellowish  orange 
on  the  back,  with  a  lighter  neck  area  of  grey  or 
of  a  greyish  orange,  and  belly  sometimes  more 
reddish. 

The  pattern  of  colours  in  females  is  more 

or  less  constant,  even  if  the  colours  themselves 
varv  considerably.  The  pattern  is  composed  of 
about  four  areas:  (i)  chin  and  back  of  the  neck 
-  dark  grey-orange;  (ii)  front  of  the  neck  to 
anterior  border  of  forcflippcrs  -  light  orange 
or  light  orange-yellow  or  yellowish;  (iii)  the 
breast  areas,  delimited  by  the  lines  of  the 
anterior  and  posterior  borders  of  the  foreflip* 
pcrs,  have  2  more  or  less  circular  dark  areas, 
which  arc  continued  on  the  middle  by  a  h^hter 
area,  and  (iv)  the  belly  area,  from  a  line  joining 
the  pCKsterior  border  of  the  foreflippers  back- 
ward, is  bright  orancc  or  brick  red. 

T  he  young  males  have  similar  colours  to 
the  females,  but  less  vivid. 

The  pups  from  birth  to  the  first  moult 
are  uniformly  black  and  they  acquire  a  lighter 
greyish  colour  later  on.  Many  adults  of  both 
sexes,  especially  females,  are  of  a  silver-gr^ 
colour  or  sometimes  completely  red  (l^pa- 
rently  erythnne  specimens). 

The  hair  is  lon&Broa  the  neck,  especially 
in  males;  the  guard  hair  is  bicoloured  whitish 
or  reddish  with  grey,  and  the  fur  brownish, 
with  a  dark  base  and  lighter  tips. 

For  each  guard  hair,  there  are  bundles  of 
underfur  fibres,  each  of  29  to  47  underfhr  ele- 
ments. 


in  Brazil,  Arctocephalus  aus trails  is  call- 
ed *^obo  marinho*',  *1eao  marinho"  or  "lobo 
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de  dois  pelos";  in  Uruguay  and  Argentina 
"lobo  tino"  or  "lobo  de  dos  pelos";  in  the 
Falkland  Islands  (Islas  Malvinas)  the  name  in 
use  is  "fur  seal"  and  in  Chile  and  Pcni,  either 
'lobo  fino"  or  "lobo  de  dos  pelos**. 


Scientific  names 


Aretacep9uihts  amtraUs  (Zimmermann, 
1783)  is  the  valid  spedfic  name  for  the  South 

American  fur  seal. 

Allen  (1905)  and  Osgood  (1943).  have 
given  extensive  lists  of  synonyms;  among  the 
specific  epithets  which  have  hcen  used  are: 
falklandicus  (as  Phoca falklandica  Shaw,  1800, 
employed  in  different  combinations  by  many 
authors),  nigrescens  (Arctocephalus  nigrescens 
Gray,  1859),  gracilis  (Arctocephalus  "Arcto- 
phoca"  gracilis  Nehring  1J487  or  Arctocephalus 
fattclanaicus  var.  gradas  Nehring,  1887a)  and 
several  names  proposed  by  Molina  (1782)  and 
byPhilippi(1892). 

King  (1954),  admitting  that  the  popula- 
tions of  tiie  Falkland  Islands  (Islas  Malvinas) 
could  differ  at  a  sub-specific  level  from  those 
of  the  mainland  of  South  America,  adopted  A. 
a.  australis  (Zimmermann)  for  the  fur  seals  of 
the  Falkland  Islands  and  A.  a.  gracilis  (Nehr- 
ing) for  those  of  the  mainland.  The  basis  for 
the  recognition  of  these  2  sub-species  is  a 
number  of  skulls  which  appear  to  be  too  small 
to  constitute  a  good  sample  representative  of 
the  populations  of  the  mainland  of  S.  America. 
Until  further  and  stronger  evidence  of  the 
contrary  is  published,  different  sub-species 
among  Arctoc^haha  austraUs  do  not  seem 
justified  at  (Mesent. 

Distribtttioo  and  novemeits 


Distribution 

Areas  inhabited  or  reached  bv  the  South 
American  tur  seal  are  the  Atlantic  and  Pacific 


shores  of  South  America,  from  Sao  Paulo, 
Brazil,  to  the  southern  up  of  South  America 
and  Falkland  Idands  (bias  Malvinas)  and 
northward  on  the  west  coast  to  southern  Peru. 

In  Brazil,  the  species,  according  to  Vieira 
(1955)  reaches  Sao  Paulo,  and  Nehring 
(1887b)  reported  the  capture  of  specimens  at 
Ponta  Negra  (22  ■56'S):  we  have  recorded  a  few 
fur  seals  on  Recife  das  Torres,  in  Santa  Cata- 
lma(29  19'S;  49'41'W). 

In  Uruguay  the  species  breeds  on  the  bla 
del  Marco  (34"21'S:  53''5'U')  (Castillos  group); 
on  the  Islole,  Isla  Encanlada  and  Isla  Rasa 
(  Torres  group  34°24'S);  and,  mainly  on  the 
main  Isla  de  Lobos  (35^1 'S)  and  on  its  Islote. 
They  also  haul  out  on  other  islands  of  the 
Atlantic  shore  of  Uruguay,  on  which  they  do 
not  breed;  some  adult  males  of  this  species  also 
haul  out  during  the  breeding  season  on  the 
shore  of  the  mainland  of  Cabo  Polonio. 
The  islands  of  the  Coronilla  group,  where  the 
southern  sea  limi  breeds,  are  not  used  for 
breeding  by  the  fur  seals. 

In  Argentina.  Holmberg  and  Aubonc 
(1948,  1949)  and  Carrara  (1952.  1954)  studied 
the  populations  of  southern  fur  seals;  Carrara 
(1952.  1954)  mentions  the  existence  of  colonies 
of  southern  fur  seals  in  3  places:  Isla  Escondi- 
da  (43  43'S;  65  17'W),  Bahia  de  San  Antonio, 
on  the  Ishi  de  los  Estados  (43*43'  to  47^5; 
64"32'W)  and  Bahia  FUnders  on  the  same  is- 
land. Daciuk  (1974)  mentions  the  existence  of 
populations  of  the  species  at  Cabo  Dos  Bahias 
(44*54'S;  eS^'SZ'W)  and  on  some  islands  of  the 
province  of  Chubut,  the  occasional  hauling 
out  of  specimens  at  Peninsula  Vatdes  and  also 
the  finding  of  a  dead  pup  on  Puerto  Madryn 
on  21  September  1973. 

On  the  Falkland  Islands  (Islas  Malvi- 
nas), Laws  (1953)  surveyed  the  fur  seals,  fmd- 
ing  colonies  on  Volunteer  Rodcs,  the  Bird  Is- 
lands,  on  rocky  islets  south  of  Elephant  Jason, 
in  a  cove  between  Precipice  Hill  and  Landsend 
Bluff  of  New  Island  and  on  rocky  islets  of  the 
same  islands;  he  also  had  references  to  colo- 
nies on  North  Island  and  on  Beauchene  Island. 
Strange  (1972)  and  Laws  (1973)  have  later 
pointed  out  that  the  Beauchene  Island  colony  501 
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does  not  exist  any  more. 

Aj>  far  as  it  is  known,  no  other  islands  of 
the  Atlantic  are  populated  by  this  species. 
South  Cieoreia.  South  Orknev,  South  Shetland 
and  other  islands  in  or  south  of  the  Antarctic 
Convergence,  formerly  supposed  to  be  popu- 
lated by  A.  ausiralis,  are  inhabited  only  by 
Arctocephalus  ^ctzella  (Peters,  1875). 

Some  colonies  exist  in  Chile,  but  they 
have  not  been  recorded  during  recent  research 
on  populations  of  Otaria  flavescens.  L.A. 
Aguayo,  Naturhistoriska  Riksmuseet  {in  Hit. 
24/5/76  and  in  press)  has  confirmed  thai  this 
species  still  lives  in  Chile:  **This  animal  was 
observed  in  the  Magallanes  Strait,  in  the  Cas- 
tro Channel,  in  Puerto  Caracciolo.  in  the  Paso 
del  Abismo  (Chasm  Reach),  on  the  Pierre  Isl- 
ets, in  the  Fallos  Channel,  in  the  Messier 
Channel  and  in  Abra  Kcllv".  Accordinsz  to 
Aguayo  and  Maturana  (1970),  the  only  popu- 
lation of  fur  seals  on  the  Islands  of  Juan 
Fernandez  is  Arctocephalus  philippi  (Peters). 

The  distribution  of  the  South  American 
fur  seal  on  Peruvian  shores  is  given  by  Piazza 
(1959)  and  Grimwood  (1968,  1969);  according 
to  the  latter  it  has  a  northern  breeding  limit  at 
approximate! V  13  45'S.  the  onlv  breeding  site 
known  to  have  been  used  during  1965  and 
1966  being  located  at  the  foot  of  the  cliffs  of 
Paracas  Peninsula  even  thcniizh  in  previous 
years  fur  seals  were  breedinji  at  Punta  Corio 
(17*'20'S)  and  Punla  Coles  (17  45'S).  A  type- 
written report  prepared  by  the  fisheries  Ser- 
vice of  Peru  shows  a  much  better  situation 
for  1968  (see  under  Counts  and  Estima- 
tions). 

Movements 

The  Uruguayan  populations  are  not 

miuratory.  part  of  the  herd  maintaining  its  at- 
tachment to  land  all  the  year  round. 

Very  important  changes  in  land  popula- 
tions may  occur  (Va/-Ferreira  and  ralerm, 
1961:  Vaz-Fcrrcira,  1975).  with  increases  or 
decreases  of  the  order  of  50  %  of  the  popula- 
tion sometimes  occurring  in  certain  areas  in  a 
few  hours. 


Increases  and  decreases  in  ground  tem- 
perature are  the  main  causes  of  changes  pro- 
duced during  the  breeding  season. 

Diirinii  the  winter,  the  fur  seals,  mostly 
6-monih  old  individuals  and  larger  young 
males,  come  as  far  as  several  hundred  metres 
from  inshore  (Vaz  f  en  en  a  1956).  The  places 
occupied  in  summer  by  ihe  breeding  structures 
which  have  a  complex  integration  (Vaz-Fer- 
reira  and  Sierra,  1961)  are  innabited  by  varied 
populations  during  the  rest  of  the  year. 

The  fur  seals  spread  wiJelv  at  sea: 
groups  of  15  to  20  have  been  seen  travelling 
between  60  and  105  miles  to  the  east  of  the 
island  during  the  winter.  To  the  southwest,  the 
Uruguayan  specimens  spread  at  least  to  Mar 
del  Plata,  as  Uruguayan  tags  have  been  reco- 
vered there:  northeastward  they  travel  very 
often  to  Rio  Grande  and  Santa  Catalina.  and 
probably  as  far  as  Sao  Paulo  and  Rio  de  Ja- 
neiro. 

No  studies  have  been  published  of  the 
land  attendance  of  fur  seal  populations  on  the 
Falkland  Islands  (Islas  Malvinas)  and  other 
southeily  areas;  it  is  possible,  but  not  proven, 
that,  as  suggested  by  King  (1964)  part  of  the 
populations  of  these  areas  migrate  to  more 
northerly  areas  durmg  the  winter. 


Stocks 


Counts  and  esumai  ions 

In  Uruguay  in  February-March  1953 
and  again  in  1956  (Va/-Ferreira,  unpublish- 
ed), we  counted  the  live  pups  o( Arciocephalus 
australis  on  all  the  islands  and,  in  January 
1953,  counted  also  the  adults  of  this  species; 
the  results  were  as  shown  in  Table  1. 

The  total  number  counted  and  estimated 
for  1953  was  26  444  individuals,  including 
9  149 pups  and     295  adults 

In  subseq^uent  years,  the  number  of  pups 
bom  has  grown  Readily,  extending  the  areas 
formerly  occupied  by  the  breeding  grounds  of 
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Pups 
1953  ■ 

Pups 
1956 

Adults 
19532 

Lobes 

l.obos 

4  435 

7460 

10  578 

Ulolc 

500 

Toms 

R:is;i 

15 

178 

1  599 

(.ncaiUuda 

2  383 

1400 

blole 

2gO 

337 

667 

Ca$lilk» 

Maroo 

1791 

2  332 

2541 

Total 

9  149 

12  690 

17  295 
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fur  seals.  Durinji  the  last  3  years.  I  ha\  c  been 
able  to  find  at  Isla  de  Lobos  extensive  areas 
formerly  not  occupied  by  breeding  groups  of 
this  species  which  are  now  occupied  by  them. 
According  to  Ximene/  ( 1973),  the  number  of 
pups  bom  increased  in  1970  to  7  623  fur  the 
Encantada  Island,  to  1 1  21 1  for  Isla  del  Marco 
and  in  Isla  Rasa  the  number  of  pups  born  in 
1970  would  be  23  According  to  I.  Xime- 
nez,  Manager  of  Sealmg,  Induslrias  Loberasy 
Pesqueras  del  Estado  (U.S.  Federal  Register, 
38(147): 20572.  1973).  the  total  estimated  po- 
pulation was  129  000  in  1960,  174  000  in  1965 
and  252  000  for  1972.  Ximene/.  (personal 
communication)  obtained  the  following 
counts  for  the  pups  born  in  the  1972-73 
breeding  season:  isla  de  Lobos,  58  930;  Islote 
de  Lobos.  341;  Isla  del  Marco,  11087;  Isla 
Rasa.  2  >40S:  Islas  Encantada,  7704,  for  a 
total  of  101  470  animals. 

In  Argentina,  Carrara  gives  counts  in 
1954  of  a  total  of 2  700  Arctocephaha  australis 
(400  at  Isla  Escondida,  100  at  Bahia  San  .An- 
tonio on  Isla  de  los  Estados  and  2  200  in  Bahia 
Minders,  oi  the  same  Island).  No  additional 
information  on  population  sizes  has  been  pub- 
lished  since  this  census  hut,  according  to  Xi- 
menez  (personal  communication)  about  600 
adult  males,  presumed  to  belong  to  this  spe- 


cies are  currently  seen  at  Cabo  dos  Bahias  in 
Chubut  Province. 

For  the  Falkland  Islands  (Islas  Malvi- 
nas)  aooonUng  to  Strange  1973,  the  counts 
made  in  1965-66  showed  I5(X)O-16  0O0  fur 
seals  inhabiting  the  Archipelago. 

In  Chile  according  to  Lieutenant  I.  Pe- 
trowitsch  I  .,  Director  of  the  Division  of  Fi- 
sheries Protection  of  Chile  (in  lilt.,  4/6/16),  a 
census  of  fur  seals  was  made  in  Magallanes 
Province  in  1976  and  7  rookeries  with  about 
40  000  animals  were  found;  of  these,  about 
two-thirds  were  pups. 

The  aforementioned  breeding  popula- 
tions belong  probably  to  A.  australis^  which  is 
the  species  formerly  living  in  the  area,  even 
though  M.R.  Payne  ha^  reported  that  a  fur  seal 
tagged  at  Soudi  Geoi^ia  (presumably  A.  ga- 
zeila)  was  recovered  at  Isla  Hoste.  located  near 
the  southern  tip  of  Chile,  .south  of  Tieira  del 
Fuego  (Schlatter,  in  litt.,  30/4/76). 

For  Peru,  the  Department  of  Fisheries 
has  given  the  following  figures  for  1968. 


Actual  and  past  state  of  the  stocks 

Over  the  whole  area  of  distribution  of 
the  South  American  fur  seal,  there  are  islands 
which  were  populated  historically  which  they 
do  not  inhabit  today. 

The  population  of  fur  seals  has  been 
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Place 

Mates 

Femates 

Pups 

Total 

North  of 

1  .iL'iinillaS 

724 

2042 

1  119 

3  88S 

Inficrnillo 

99 

S42 

261 

902 

S«n  Feniaodo 

648 

2994 

3078 

6720 

Tres  Hermanas 

5 

30 

8 

43 

Sombrerillo 

21 

22 

10 

53 

Cachuco 

4 

1 

S 

Istaad4kid 
fipom  San  Jiua 

23 

106 

69 

198 

Total 

IS24 

5  737 

4  MS 

11806 

503 
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increasing  in  Uruguay  since  1949  to  the  pre- 
sent, having  now  probably  reached  levels  of 
population  stmilar  to  the  ones  which  were 
present  at  the  end  of  the  last  century  and  at  the 
beginning  of  the  present,  and  which  had  been 
drastically  diminished  in  following  years. 

On  the  Falkland  Islands  (Islas  Malvinas) 
the  population  appears  to  be  stable,  or  at  least 
it  was  more  or  less  so  between  1951  and  1966 
(Strange,  1972;  Laws,  1973). 

No  comparative  figures  of  the  last  years 
are  available  from  other  areas,  where  it  ap- 
pears that  populations  are  either  stable  or  di- 
minishing. 


Vital  parameteiB 


Sizes  and  wtiGiiis 

Maximum  sizes  recorded  by  us  in  Uru- 
guay were  18S.S  cm  for  males  and  142.5  cm  for 
females. 

Maximum  weights  recorded  were  159  kg 

for  males  and  48.5  kg  for  females. 

Four  neonates  weighed  between  3  350 
and  5  450  g. 

Ages  at  sexual  maturity 

Tagged  female  Air  seals  recovered  dur- 
ing the  fourth  year  of  life  were  found  to  be 
pregnant:  it  is  evident  from  this  that  the  fe- 
males may  be  unpregnated  when  they  are  3 
years  old.  It  may  be  possible,  but  it  is  not 
proven,  that  some  females  may  be  impregnat- 
ed when  they  are  2  years  old. 

No  knowledge  of  the  age  of  breeding 
males  is  available. 

The  minimum  size  of  pregnant  females 
recorded  was  1.06  m. 

Pregnancy  rates 

An  experimental  kill  of  40  females, 
ranging  from  1.06  to  U6  m  in  total  length,  was 


made  on  15  July  1953.  and  I  found  the  rela- 
tionship between  pregnant  females  and  size 
shown  m  Table  3.  The  sex  ratio  of  the  held  was 
taken  to  be  more  or  less  the  undisturbed  ra- 
tion, since  there  had  been  selective  killing  for 
only  a  short  time. 


Proportion  of  sexes 

Of  572  live  pups  sexed  on  4-6  February 
1953.  when  they  were  about  I  '  r  months  old, 
we  found  (Vaz-Ferreira,  unpublished)  321 
males  and  251  females  (56.1 1  %  males). 

In  breeding  groups  (Deonnber),  the 
proportions  of  males  to  females  mav  varv  from 
1: 1  to  1: 13.  Numbers  counted  on  Lobos  island 
were:  33  males  with  213  females;  7  males  with 
33  females:  10  males  with  63  females.  Another 
group  recorded  had  6  males  and  45  females 
(Vaz-Ferreira,  1956). 


The  economic  value  and  state  of  regula- 
tion and  managonent  of  exploitation 


According  to  Kellogg  (1942),  the  first 
cargo  of  seal  skins  exported  from  the  Falkland 
Islands  (Islas  Malvinas)  was  carried  by  Bou- 
gainville's ship. 

Several  authors,  including  Kellogg 
(1942)  and  Strange  (1972)  have  given  historic 
accounts  of  the  exploitation  of  the  Falkland 
Island  (Islas  Malvinas)  herds.  According  to 
Strange  (1973),  in  1784  about  13  000  fiir  seal 


TaMe  3.  PkciaaMjr  iila  Cor  S.  American  An- seals 


Size  class 

Pir^nant 

Non-pregnant 

Total 

MS  or  leas 

4 

7 

II 

1.19-  1.31 

25 

0 

2S 

1.32-1.36 

4 

0 

4 

Total 

33 

7 

40 

Copyrighted  material 


THB  SOUTH  AMERICAN  PUR  SEAL 


skins  were  taken  on  these  islands  by  an  Amer- 
ican vessel  out  of  Boston;  in  1919,  the  2  seal- 
ers holding  Ikences  for  that  region,  after 
spending  2  months  on  Beauchcnc  Island, 
which  had  formerly  been  "the  home  of  thou- 
sands of  fiir  seats**,  returned  with  only  1 1  skins. 
Recovery  has  been  skmr,  even  allowing  for 
unreported  exploitation  since  1919 

The  past  status  and  exploitation  of  the 
herds  of  Argentina  was  reviewed  by  Holmberg 
and  Aubone  (1948,  1949)  and  by  Carrara 
(1964).  No  exploitation  of  this  species  is  al- 
lowed by  law  and  no  record  of  clandestine 
killing  has  been  found. 

In  Uruguay,  the  exploitation  of  fur  seals 
began  shortly  after  the  discovery  of  the  count- 
ry by  Juan  Diaz  dc  Solis  in  1515,  whose  mates, 
after  his  death,  made  up  a  cargo  of  fur  seal 
skins  for  sale  in  the  market  of  Sevilla.  Scaling 
has  been  conducted  in  all  the  islands  populat- 
ed by  the  species:  Isla  de  Lobos  and  Islote  de 
Lobos,  off  Punta  del  Este  and  on  Marco,  En- 
cantada.  Rasa  and  Islotc.  near  Cabo  Polonio. 
Killing  IS  and  has  been  mainly  done  during  the 
winter,  out  of  the  breeding  season,  thereby 
taking  advantage  of  some  of  the  ecological  and 
behavioural  characteristics  of  this  species: 
during  the  winter,  populations  of  A.  ausiralis 
remain  on  the  islands,  occupying  the  space 
utilized  in  spring  and  summer  b\  ihc  rook- 
erics,  and  others  also  move  to  the  higher  parts 
of  the  islands. 

According  to  several  authors,  such  as 
Devincenzi  (1895)  and  ihe  Bering  Sea  Tribu- 
nal of  Arbitration  (1895),  the  number  of  fur 
seals  killed  on  Uruguayan  islands  ftom  1873  to 
1900  was  as  shown  in  Table  4. 

The  data  in  Table  4  gives  a  total  of 
454  491  animals  killed  and  a  medium  annual 
catch,  apparently  sustained  at  least  during  28 
years,  of  16  175. 

No  records  from  1901  to  1909  are  avail- 
able. The  catch  for  I91(M2  (either  no  killing 
was  done  or  no  records  are  available  for  1913, 
1915.  1917.  1918.  1930,  1931.  1932.  1933.  1938. 
1939)  was,  according  to  Perez- Fon tana  (1943) 
7 1 9SS  fur  seals,  a  medium  annual  catch  for  the 
23  years  in  which  killing  was  done  or  recorded 
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Year 

Number 

1873 

8  190 

1874 

9449 

1875 

9204 

1876 

1 1  353 

1877 

13  066 

1878 

14  493 

1879 

14  093 

1880 

16  382 

1881 

14  473 

•  AAA 

1882 

13  595 

1883 

12  843 

1884 

14  972 

1885 

12  247 

1886 

17  072 

tool 

1  T  TOO 

1888 

21  150 

1889 

15  7(X) 

1890 

20  150 

1891 

13  871 

1892 

15  870 

1893 

17  779 

1894 

20  763 

1895 

17421 

1896 

23  639 

1897 

19  234 

1898 

17  685 

1899 

17  235 

1900 

18828 

of  3  128.  From  1943  to  1947  a  tot.il  of  17000or 
a  yearly  yield  of  3  4(X)  was  obtained. 

In  1948  and  1949  no  killing  was  done 
and  a  management  project  began  under  which 
the  kilUng,  which  was  started  again  in  1950  at 
Isla  de  Lobos,  was  restricted  exclusively  to 
males. 

To  achieve  this,  groups  of  200  to  more 
than  2  (WO  fur  seals  were  driven  from  shore,  or 
mostW  from  a  special  area  called  the  "expla- 
nada  ,  where  many  young  seals  congregate  in 
winter,  (o  an  inland  corral  in  which  ihcv  were 
enclo-scd.  Once  in  the  corral,  small  groups  were 
driven  to  a  much  smaller  corral,  caught  and 
individually  sexed;  the  young  males  were  kill- 
ed, and  undersi/cd  seals  of  both  sexes,  females 
and  overlarge  males,  were  released. 

Later,  this  manoeuvre  was  considered 
unnecessary  as  it  was  established  from  expe-  505 
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rience  thai  most  of  ihc  individuals,  sometimes 
as  many  as  80  %  of  ihe  total  of  the  population 
of  the  higher  areas  of  the  island  during  winter, 
are  young  males  6  months  old  and  older.  So 
the  use  of  these  populations  reduces  to  a  mm- 
imuni  the  killing  of  females;  this  being  im- 
proved by  the  fact  that  many  of  the  aduh  fe> 
males  may  be  rccoj^nizcd  and  released.  .Adult 
females  tend  to  overuinter  on  the  breeding 
areas  on  the  shore  (Ximenez,  1962). 

On  other  parts  of  Isia  de  Lobos  and  the 
other  Uruguayan  Islands,  the  selective  killing 
of  young  males  is  much  more  dilTicuU. 

Starting  a  selective  kill  of  males  only  in 
1 950, 1 692  pells  were  obtained.  This  number 
has  been  increasing  and  the  annual  harvest  has 
been,  during  the  last  5  years,  around  12  000 
specimens,  mostly  males. 

The  management  and  exploitation  of  the 
Uruguayan  herds  has  been  done  by  the  SOYP 
(Ser\'icio  Oceanograficoy  de  Pesca),  which  has 
now  been  restructured  into  the  ILPE  (Indus* 
trias  Loberas  y  Pcsqucras  del  Estado).  both  of 
them  government  olTices.  The  pelts  are  pro- 
cessed by  a  plant  belonging  to  the  same  insti- 
tution which  is  now  one  of  the  few  in  the  world 

doing  this  kind  of  processing 

Oil  from  fur  seals  is  obtained  on  Isla  de 
Lobos  and  also  on  Cabo  Polonio  from  the  seals 
killed  on  the  islands  nearby:  the  meat  is  pro- 
cessed into  meal  only  on  Isla  de  Tohos;  there 
are  now  plans  to  sell  the  carcasses  whole  or  cut 
in  the  middle  for  animal  food.  Apparently,  no 
exploitation  of  fur  seals,  other  than  poaching, 
is  done  at  present  on  other  areas  of  South 
America  populated  by  A niovephalus  ausiraiis. 

Recreational  and  aesthetic  values 


Most  of  the  rookeries  of  the  South 
American  fur  seal  are  in  places  of  difficult 
access;  the  one  situated  on  the  southern  shore 
of  the  Isla  de  Lobos.  Uruguay,  is  an  exception 
to  this  since  it  otTers  a  possibilitv  to  observe  a 
great  many  lur  seals;  however,  it  is  at  present 
forbidden  to  visit  this  areas  because  of  possible 


disturbance  to  the  herd. 

The  South  American  fur  seal  has 
been  only  rarely  maintained  successfully  m 
captivity. 


Food  and  relation  to  other  resources 


Food  HAnrrs 

In  specimens  caught  on  land  wc  found 
(Vaz-Ferreira,  1950,  and  unpublished)  either 
empty  stomadis  or  veiy  much  digested  mate- 
rials, including  remains  of  fish,  beaks  of  cc- 
phalopods,  crustaceans,  lamelli-branchs  and 
sea  snails. 

Brownell  (personal  communication)  was 

able  to  study  the  stomach  contents  of  13  spe- 
cimens of  Art  locepha Ills  ausiralis  drowned  in 
trammel  nets,  and  Ibund  the  tbllowing 
fish:  Engraulis  anctufita,  Trachurus  lathami, 
Cvnoscion  striatus,  Pneumatophontsjcponicus, 
Peprilus,  sp. 


R£1J\T10N  TOOTHER  RESOURCES 

ArctocephtUus  austraUs  feeds  over  a  wide 
area  of  the  continental  shelf  and  beyond. 

In  contrast  to  Otaha  flavcscens.  which 
has  about  the  same  geographical  distribution, 
and  to  the  South  African  fur  seal,  Aretocepha- 
lus  pusilhts.  Arctocephalus  australis  is  not  a 
boat  follower,  does  not  enter  the  nets  during 
the  fishing  operations  and  causes  no  important 
damage  to  fishing  gear,  except  perhaps  some 
interference  with  fishing  gear  placed  too  close 
to  the  rookeries. 

As  described  ebewfaere  (Vaz-Ferreini 
and  Sierra,  1963).  the  different  breeding  sea* 
sons  and  other  mechanisms  allow  Arctncepha- 
ha  ausiralis  and  Otaria  Jlavescens  to  co-exist 
without  major  interference. 

The  fur  seal  population  constitutes  a 
verv  important  resource  for  the  Government 
of  Uruguay,  which  obtains  from  it  revenues  of 
the  same  order  as  firom  the  fisheries. 
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Recommendatioiis 


To  encourage  research  dealing  especi- 
ally with: 


Possible  morphological  dififerences  of 
populations. 

Studies  of  southern  populations  such  as 
those  in  southern  Chile  and  on  the 
Falkland  Islands  (Islas  Malvinas). 
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AERIAL  SURVEY  OF  THE  DUGONG,  DUGONG  DUGON,  IN  KENYA 


SJi.  LIGON 


From  29  October  to  1  November  1975,  an  aerial  survey  of  dugongs  ( Dugong  dugon)  was 

made  along  the  entire  coast  of  Kenya,  following  a  grid  pattern  covering  25  percent  of  the  area 
between  the  shore  and  the  end  of  the  continental  shelf  and  totalling  12.17  hours  of  observa- 
tion. Even  with  favourable  conditions,  only  8  animals  were  seen,  4  of  them  alone  and  2  cows 
with  caKes:  the  smaller  calf  was  seen  riJini!  on  its  mother's  back.  The  discrepancy  between 
these  results  and  earlier  reports  of  large  numbers  of  dugongs  ofT  Kenya,  ma\  he  due  lo  their 
absence  because  (rf* migration  or  to  the  ddibente  or  inddental  capture  of  d  ugon  j;s  by  native 
fishennen,  which  has  probably  greatly  reduced  the  population  in  this  region. 

Resume 

Du  29  octobre  au  ler  novcmbre  1975.  une  £tude  adriennc  des  dugongs  (Dugong  dugon) 
tit  efleclute  Ic  long  dc  toute  la  cdte  du  Kenya,  en  suivant  un  carroyage  couvrani  25  pour  cent 
de  la  zone  cntrc  le  rivage  et  la  limiic  du  talus  oontinenUil  et  atteignant  un  total  de  12hl7 
d'observation.  Mime  avec  dcs  conditions  favorables.  on  n'a  pu  apercevoir  que  8  animaux, 
dont  4  itaient  isolis.  ci  2  dtaicni  dcs  femelles  avec  leur  petit.  Le  plus  petit  des  veaux  itait  port^ 
sur  le  dos de  sa  mere  l  a  discordance  entre  ces  risultats  et  les  rapports  ant^rieurs  signalaat  la 
presence  de  grands  nombres  de  dugongs  au  large  du  Kenya  pent  itre  due  k  leur  absence  par 
suite  de  migrations  ou  k  la  capture  d^libir^e  ou  accidenteUe  de  dugongs  par  les  p£cheurs 
todigtaes,  qui  a  sans  doute  gnndement  rtduit  la  pt^ulatkm  de  cetie  f^gion. 

Extracto 

Del  29  de  octubrc  al  I  de  noviembre  dc  1975,  sc  rcalizo  un  rcconocimienio  adrco  dc  la 
prcscncia  dc  dugones  (Dugong  dugon)  a  lo  largo  de  la  costa  dc  Kenya,  en  una  cuadricula  que 
cubria  el  25  por  dento  de  la  superficie  comprendida  entre  la  costa  y  el  borde  de  la  plataforma 
continental,  durante  un  total  de  12.17  horas  de  observacitSn  A  pesar  de  que  las  condiciones 
eran  favorables,  solo  se  avistaron  ocho  animales,  cualru  dc  cllos  solos  y  dos  hcmbras  con  cria, 
la  ntia  pequefia  de  la.s  cuales  cabalgaha  sobre  loa  lomos  de  su  madre.  La  discrepancia  entre 
estos  resultados  y  los  datos  comunicados  antcriormenic  sohre  la  presoncia  dc  gran  numero  de 
dugones  trcntc  a  las  costas  dc  Kenya  puedc  deberse  a  niovimientos  migratorios  o  a  la  captura 
dcliberada  o  accidental  de  dugones  por  parte  de  los  pcscadoics  nativoa,  que  pfobaUemente  ha 
reduddo  en  forma  notable  la  poblaci6n  de  esta  regjAn. 


SJL  Ugoa 

Departmm  nfBMogy,  Unhenlty  efNew  Mexico.  Atbnquaqme,  NM  87131,  USA  5 1 1 
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Philip  and  Fisher  (1970)  report  that  du- 
gongs,  Dugong  dugon,  are  more  common  off 
the  coasts  of  Kenya  and  the  S<Hnali  Republic 
than  elsewhere  in  Africa,  Major  populations 
have  been  located  in  both  the  Kiunga  Archi- 
pelago and  the  Lamu  inland  sea  of  Kenya 
(Kingdon,  1971;  Jarman,  1966),  and  large 
herds  (if  dugongs  have  been  sighted  at  both 
Mombasa  and  Malindi  (Jarman,  1966).  This 
infonnation  is  based  largely  on  inddental 
sightings  and  reports  of  local  fishermen.  This 
paper  reports  results  of  the  first  aerial  rarvey 
of  dugongs  m  Kenya. 


Methods 


A  Cessna  182  was  flown  at  a  constant 
altitude  of  900  feet,  at  an  average  ground 
speed  of  70^  knots.  The  flight  path  followed 
was  not  the  single-strip  census  used  bv  Husar 
(1976)  for  dugong  surveys  m  Queensland; 
rather,  a  grid  pattern  was  followed  which 
resulted  in  25  %  coverage  of  the  water  surface. 
This  grid  covered  the  entire  Kenya  coast  (300 
miles  long),  from  the  shore  Une  out  to  the 
drop  off  of  the  continental  shelf  (roughly  50 
fathoms).  Greater  depths  are  thought  to  be 
unsuitable  dugong  habitat. 

Two  observers,  seated  in  the  rear  of  the 
plane,  one  on  eadi  side,  monitored  transects 
(6(X)  m  wide)  defined  by  two  rigid  poles  fixed 
to  the  wing  struts.  The  pilot  and  a  third  pas- 
senger were  responsible  for  navigation  and 
reporting  water  conditions.  Sitings  of  du- 
gongs  were  tape  recorded,  as  were  observa- 
tions of  sea  turtles,  dolphms,  whale  sharks  and 
native  fishing  vesseb. 


Results 


SurvQTS  were  flown  in  1975  on  29  Octo- 
512   ber  (03.00  hX  30  October  (04.33  h),  31  October 


(02.17  h)  and  I  November  (02.67  h),  totalling 
12.17  h  ofsurvey.  Only  8  dugongs  were  sighted 
during  the  entire  survey.  Water  and  light  oon- 
ditions  were  favourable.  The  fact  that  2 1  whale 
sharks,  142  sea  turtles  and  447  dolphins  were 
recorded  as  well  as  millions  of  jellyfish  (each 
approximately  1  foot  in  diameter)  confirms 
that  viewing  conditions  were  satisfactor\'.  Four 
dugongs  were  alone  and  two  were  cows  with 
calves.  One  calf  (ca.  1.5-2  m  in  length)  was 
about  2/3  the  size  of  its  mother  and  swam  close 
beside  her.  The  other  calf  was  very  small  (ca.  1 
m  in  length).  We  observed  it  for  several  min- 
utes as  it  rode  upon  its  mother's  back  nHiile 
she  swam  near  the  surface.  Each  time  the  cow 
submerged  deeper  intc^  the  water,  the  calf 
moved  to  her  side  and  swam  beside  the  cow 
until  she  again  approached  the  surface.  The 
calf  then  repositioned  itself  above  the  cow. 


Discussion 


The  discrepancv  between  fishermen's 
reports  and  sightings  of  "herds"  of  dugongs, 
and  these  results  may  be  explained  in  dmer  of 
two  ways: 

(1)  Dugongs  are  no  longer  present  in  any 
numbm  in  Kenyan  waters,  owing  to  il- 

legal  hunting,  Within  the  transects 
alone,  173  native  fishing  vessels  were 
counted,  indicating  that  about  700  na- 
tive boats  were  active  along  the  coast 
during  the  survey.  Nylon  fishing  nets  are 
frequenllv  used,  and  dugongs  are  cap- 
tured, dther  deliberately  or  accidentally. 
Thus,  it  is  likely  that  human  predation 
has  drastically  reduced  the  dugong 
population  in  this  region. 

(2)  The  dugong  population  of  the  East  Af- 
rican coast  may  be  migratory  (no  data  oiv 
migration  of  dugongs  exist)  and  the  ani- 
m&  were  merety  absent  during  the  sur- 
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vey  period.  Another  survey  mav  resolve 
the  question  of  migratory  movement. 

The  World  Wildlife  Fund  provided  fi- 
nancial support  for  this  initial  survey,  con- 
ducted in  conjunction  with   Michael  D. 


Ci Wynne  and  Harvey  Croze  of  the  United  Na- 
tions Development  Pro^amme  (UNDP). 

Although  a  siinilar  follow-up  survey 
supported  by  UNDP  was  planned  for  April 
1976.  funds  to  support  this  second  eflort  were 
not  obtained. 


References 

HUSAR,  S.L  .  A  survey  of  dugongs  (Duf;on{;  (higon)  tD 
Queensland.  J.  Mammal.,  (in  pres-s). 

Jarman,  PJ.,  The  status  of  the  dugong  (Dugong  dugon 
1966       Mulier):  Kenya,  1961.  £.  Afr.  Wildl.  J.,  4:82-8. 

Kjngdon,  J.,  East  African  mammals,  an  atlas  of  evolu- 


1971      tion  in  Africa  Vol  1.  London  tod  New  Yofk, 

Academic  Frcvs.  446  p. 

Phiup,  Prince  (Duke  of  Edinbuixh)  and  J.  Fisher, 
1970     WikUife  crisis.  New  Yoric,  Cowles  Book  Co., 
2S6p. 


513 


Copyrighted  matBrial 


DUGONG  HUNTING  AND  CONSERVATION  IN  QUEENSLAND, 
AUSTRALIA,  WITH  UNDERWATER  OBSERVATIONS  OF  ONE 
INDIVIDUAL  IN  THE  WILD 


C.  Barneti  and  D.  Johns 


Abstract 

A  description  ol  the  traditioaal  methods  used  to  hunt  dugongs  (Dugong  dugon)  in 
north-eastern  Australia  is  given.  Although  legislation  only  permits  hunting  by  indigcncMis 

people,  the  length  and  ruggedness  of  ihe  coast  make  this  restriction  impossible  to  enforce  -  it 
IS  duubtt'ul,  m  an^  case,  that  hunting  now  significantly  alTecis  the  dugong  population  in 
northern  Australia,  already  much  reduced  in  size.  Du^ioiigii  are  taken  in  shark  nets  and  may 
als(^  he  affected,  directly  or  indirectly,  by  p*illiition  aid  Other  disturbances  associated  with 
coastal  development.  Action  to  conserve  dugongs  should  include  measures  to  reduce  these 
forms  of  interference,  the  continuance  of  the  ban  on  commercial  bimliag  and  asiessmcna  of 
their  abundance.  Obser\ations  of  a  female  dugong.  2.1  m  long,  at  Green  Island  on  the  Great 
Barrier  Reef,  arc  summarized  in  an  appendix.  The  animal  was  observed  for  5  hours,  2  of  them 
underwater,  over  3  months:  tide  and  weather  conditions  associated  with  inshore  movements, 
observations  of  swimming.  foraL-iiiL-  and  breathini:.  and  the  presence  of  other  animals,  are 
summarized.  Much  more  complete  studies  of  dugongs  in  their  natural  habitat  arc  needed. 

line  description  des  mithodes  traditionndles  de  chasse  du  dugong  {Du^on^  du^on)  en 
Auslrahe  du  nord-est  est  fournie.  Bien  que  la  legislation  n'autorise  que  la  chasse  par  les 
indigenes,  la  longueur  et  le  caractdre  accidente  de  l,t  cote  rendent  impossible  la  stride 
application  de  cette  disposition.  On  pent  douter.  qu>>i  qu'il  en  sott,  que  la  chasse  affecte 
maintenani  de  fatjon  significative  les  populations  de  dugongs  de  rAustralie  du  nord.  dont  la 
taille  est  di^k  r^uite.  Les  dugongs  sont  captures  dans  des  fUets  a  requins  et  peuvent  aussi 
f  tre  affect^  directement  ou  indirectement.  pa  r  lu  pollution  et  les  auires  perturlMtions  li<es  au 
ilc\ cloppcment  colier.  l  a  con.servation  du  dugong  dcvrail  comprendrt  deS  mesures  pour 
reduire  ces  formes  d'inlerfdrence,  le  maintien  de  rinlerdiction  de  la  diasse  commerciale  el 
r^hution  de  leur  abondance.  Les  observations  portant  sur  une  femeDe  longue  de  2,10  m, 
k  Green  Island,  sur  la  Grande  Barri^rc.  .sont  r^sum^es  en  annexe.  L'animal  a  iit  observe 
pendant  cinq  heures,  dont  deux  sous  I'eau,  sur  une  piriode  de  3  mois;  les  conditions  de  marie 
et  les  conditions  mitfoiologiques  li^  aux  ddptacemems  oMiers,  ainsi  que  Tobservation  de  la 
nage.  de  la  recherche  de  la  nourriture,  dc  la  respiration  et  la  presence  d'aulres  animaux  toot 
r6sum6es.  11  est  nteessaire  d'eflectuer  des  Etudes  beaucoup  plus  oompldtes  des  dugongs  dans 
leur  habitat  naturd.  SIS 
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Se  describen  las  mitodos  utilizados  tradicioiiBbncnte  en  el  noideste  de  Australia  para 

ca/Lir  el  ciii<:6n  ( Di/i^om;  Jw^nn)  Antique  I;i  Icui'-lacicSn  >>61o  permitc  la  ca/a  dc  cstos  animales  a 
los  indigenas,  la  longilud  y  aspereza  de  la  costa  hace  imposible  velar  por  la  aplicacibn  de  esas 
disposiciones.  De  todas  form  as.  es  muy  poco  probable  que  hoy  dfa  la  caza  afecte  en  modo 
import anlc  a  la  pohlacion  dc  dui-'c^ncs  del  none  de  Australia,  ya  muy  redudda.  Los  dugODCS 
resuitan  aprcsados  en  las  redes  tiburoncras,  y  pucdcn  sulhr  los  efectos,  diredoc  o  indirectos, 
de  la  contaminadAn  y  de  otras  alteraciones  dd  Mbitai  motivadas  por  el  desarroUo  de  las 

zonas  costcras  Para  conservar  los  dutioncs  es  nccesario  tomar  disposicioncs  para  rcducir  csas 
formas  de  mterterencia,  mantener  la  prohibicion  de  explotaci6n  comercial  de  esos  animales  y 
proceder  a  evaluar  su  abundanda.  En  un  aptadioe  se  resumen  las  observadones  hedias  de  un 
dugon  hcmhra  tie  2,1  m  dc  longitud  en  la  Isia  firccn.  cn  la  Ciran  Barrcra  Curalina.  Sc  i)b.scrv6 
a  ese  animal  durante  cinco  horas,  dos  de  ellas  debajo  del  agua,  a  lo  largo  de  tres  meses.  Se 
indican  brevemente  las  oondidones  de  las  mareas  y  dd  tiempo  durante  los  desplazamientos 
mcdios  ccrca  dc  la  cosla  p<ir  cl  animal  estudiadu  \  Ids  rcsullados  dc  las  observaciones  de  sus 
movimientos  natalorios,  su  alimenlad6n  y  su  rcspiracion.  y  se  seAala  la  presenda  de  otros 
animales.  Son  necesarios  estudtos  mudio  ntis  conipicii>s  sobre  los  dugones  en  su  bibitat 
natural. 
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IntroducUon 


This  paper  outlines  the  hunting  methods 
lor  dugongs  in  parts  of  Australia,  the  threats  to 
their  suivival  and  recommends  measures  to  be 
taken  for  their  conservation.  Undawaler  ob- 
servations of  a  free-living  dugong  are  given  in 
an  appendix. 

Most  of  our  scant  knowledge  of  the  du- 
gong  {Dugong  dugon)  comes  from  anatomical 
descriptions  (Dexler  and  Freund,  1906: 
Gohar,  1957;  Hill,  1945;  Nair  et  aL  1975; 
Petit,  1955  cited  in  Spain  and  Heinsohn,  1974), 
analyses  of  stomach  contents  (Heinsohn  and 
Birch,  1972;  Heinsohn  and  Spain.  1973).  cen- 
susing  efforts  (Bertram  and  Bertram,  1973; 
Heinsohn,  1972,  1975;  Heinsohn  el  ai,  1976; 
Hughes  and  Oxley-Oxland,  1971),  allometric 
studies  (Spain  and  Heinsohn,  1974,  1975), 
interviews  with  native  dugong  hunters  (Jar- 
man,  1966),  anecdotal  observations  by  divers 
and  sailors,  and  accounts  of  early  naturalists 
(Trough ton,  1928).  In  addition,  behavioural 
observations  have  been  made  on  captive  ani- 
mals (Jones,  1967;  Johnklass,  1961;  Kenny, 
1967;  Olce,  pers.  comm.).  However,  no  under- 
water studies  of  dugongs  in  their  natural  hab- 
itat, studies  comparable  to  Hartman*s  (1971) 
on  manatees,  have  vet  been  made.  This  gap 
represents  a  major  obstacle  to  successful  con- 
servation efforts. 


Dqgong  hwithig 


Hunting  methods' 

Torres  Strait  islanders  hunt  dugongs 
with  a  4-m  ^ear  made  of  heavy,  dense  wood 
from  the  indigenous  wongiu  tree.  The  upper  60 


'  All  (JcscriptKins  of  hunting  procedures  are  derived 
trom  interviews  and  demonstrations;  the  authors  never  ob- 
served ■  sttcoeasfol  hunt. 


cm  are  made  from  bamboo.  The  other  end  is 
thicker  than  the  shaft,  and  blunt.  Designs  are 
often  carved  on  this  end.  This  spear,  called  a 
"wap",  receives  a  detachable  spearhead, 
which  can  either  have  3  prongs  or  a  single 
point.  The  prongs  may  be  cut  from  5-ganon 
fuel  drum  handles,  filed  to  a  point,  splayed 
slightly,  and  bound  together  at  one  end;  the 
single  pomt  is  usually  a  3-sided  file  with  barbs 
notched  along  its  edges.  The  spearhead  is 
packed  into  the  wap  using  palm  leaves.  A  line 
runs  from  the  head  to  the  dinghy,  where  it  is 
coiled  into  buckets.  Dugongs  are  hunted  from 
both  wooden  and  alummium  boats.  Islanders 
prefer  wooden  dinghies  because  they  are  not 
so  noisy  as  the  more  durable  aluminium;  the 
wood  absorbs  the  impact  of  slapping  waves 
and  dropped  objects  more  quietly.  We  saw  or 
knew  of  no  hunting  platforms  mounted  over 
the  water. 

Dugongs  are  located  by  drifting  quietly 
for  hours  in  likely  spots.  If  a  dugong  surfaces 
nearby  to  breathe,  its  noisy  exhalation  gives  it 
away.  Sometimes  the  hunter  can  spot  a  trail  of 
dBOoloured  water  resulting  from  mud  stirred 
up  by  a  feeding  dugong.  In  Papua  New  Gui- 
nea, hunters  may  walk  out  over  beds  of  sea 
grasses  exposed  at  low  tide.  They  locate  a 
pathway  of  cropped  vegetation  which  cuts 
through  the  dark  grasses.  At  one  end  of  the 
path  they  plant  a  stick  tall  enough  to  be  seen  at 
nigh  tide.  They  assume  the  dugong  will  return 
there  at  flood  tide,  to  resume  feeding  at  the 
end  of  the  trail,  and  wait  for  it  there  in  their 
boats. 

An  old  hunter,  who  daimed  he  had  kill- 
ed hundreds  of  dugongs  (and  called  himself 

"King  of  the  Dugongs**).  explained  how  he 
approaches  the  anunal.  He  notes  the  spot  the 
dugong  surfaces  and  starts  a  steady  count  be- 
ginning when  the  dugong  submerges.  When 
ihe  dugong  surfaces  again,  the  hunter  stops  his 
count  at,  say,  160,  and  mentally  draws  a  line 
between  the  two  places  where  the  dugong  has 
surfaced.  He  now  predicts  that  the  dugong  will 
continue  to  forage  along  this  line,  surfacing 
again  after  another  count  to  160.  He  rows  the 
boat  upcurrent  of  the  predicted  location  and  517 
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drifts  down  on  it,  liming  his  approach  to  place 
the  boat  right  next  to  the  dugong  when  it 
comes  up  for  air.  Silence  is  essential.  The 
scrape  of  an  oar  in  its  lock  can  frighten  the 
animal. 

The  spearer  braces  himself  in  the  bow  of 
the  dingliy.  As  the  diigoag*s  bock  arcs  over  th  e 
surface,  the  spearer  jumps,  using  his  full 
weight  to  push  the  spear  into  the  blubber  just 
anterior  to  the  caudal  peduncle.  The  spear- 
head penetrates  only  a  few  centimetres  but 
splays  and  holds  frist  The  wap  falls  into  the 
water;  its  bamboo  end  keeps  it  lloating 
upright.  The  dugong  swims  away,  uncoiling 
the  line  from  (he  boat.  The  spearer  clambers 
back  in  the  dinghy  and  grabs  the  wap  from  the 
water.  As  the  line  becomes  taught,  the  dinghy 
starts  to  move.  Some  hunters  have  been  caught 
in  the  tightening  line  and  drowned  (Haddon, 
1914;  pers.  comm.  from  hunters).  The  dugong 
then  tows  the  boat  until  it  is  tirol,  whidi  Kur  a 
full-size  dugong  can  be  up  to  4  h,  although  we 
could  not  obtain  a  reliable  figure. 

As  the  animal  tires,  the  2  or  3  men  in  the 
dinghy  gradually  take  m-the  line  until  eventu- 
ally the  spent  and  exhausted  dugong  is  lying 
altniiiside  the  boat  The  men  tie  it  and  drown  it 
by  holding  its  tail  out  of  the  water  and  keeping 
its  head  under.  New  Guineans  flip  the  tied 
animal  on  its  back  in  the  water:  one  man  (hen 
sits  on  its.  feet  hooked  under  the  tail  flukes, 
thus  preventing  the  animal  from  breathing. 
The  dugong,  having  towed  the  men,  is  now 
towed  home.  This  pnu  edure  has  not  changed 
greatly  from  the  fascmatmg  account  given  by 
Haddon  (1912)  during  his  expedition  to  the 
Torres  Strait  at  the  end  of  the  nineteenth  cen- 
tury. 

Dugongs  are  also  hunted  from  luggers  in 
the  same  l»sic  fashion.  Luggers,  17.4-m 
gafT-rigged,  engine-driven  ketches,  are  the 
ubiquitous  work  horses  of  the  Torres  Strait. 
The  spearer  jumps  from  the  bowsprit  onto  the 
dugong.  When  the  animal  is  pulled  in,  it  may 
be  lifted  onto  the  deck  and  its  nostrils  plugged 
until  it  suflbcates. 

One  reliable  report  explained  that  a  du- 
gong could  be  diased  onto  a  diallow  coral  teet 


with  an  outboard,  forcing  it  to  bump  into  the 
coral  and  exhaust  itself  in  an  effort  to  flee. 
When  the  dugong  tires,  a  man  could  get  in  the 
water,  ride  it  and  presumably  kill  it.  This  is  not, 
however,  a  traditional  hunting  method. 


Use  of  products 


Dugongs  are  caught  for  feasts,  weddings 
or  sale.  While  we  were  in  the  Torres  Strait,  no 
r^ular  supply  of  dugong  meat  could  be  ob- 
tamed,  although  it  is  in  demand  by  both  native 
and  European  Islanders.  Once,  the  meat  from 
2  adult  dugongs  was  quickly  sold  on  the  beach 
at  Thursday  Island  for  A$0.75  per  longitudinal 
strip. 

Aboriginals,  particularly  those  who  hunt 
dugongs  in  the  Gulf  of  Carpentaria,  have 
prescribed  rules  for  dividing  up  the  animal 
after  (he  hun(.  The  chief  of  the  village,  the  man 
who  speared  the  dugonp,  the  one  who  guided 
the  boat,  and  other  participants  receive  q>ecif- 
ic  portioiB  of  the  dugtnig  depending  on  their 
role  (pen.  comm.). 


CoDsarvadoB  problems 


Legislation 

Australian  legislation,  in  force  since 

1973,  permits  dugong  hunting  only  by  "Torres 
Strait  Islanders  and  aboriginal  people  living 
on  reserves,  missions  and  other  settlements 
established  specifically  for  them**  (Heinsohn, 

1972)  and  then  only  for  food.  Thus  only  tradi- 
iKuial  huniinu  bv  indigenous  peoples  is  per- 
mitted. Europeans  may  not  hunt  dugongs  at 
aU. 

.As  far  as  we  could  obser\'e.  these  laws 
are  impossible  to  enforce,  in  Queensland,  du- 
gongs can  potentially  be  hunted  over  a  coast- 
line of  about  4000  km.  2  200  km  of  this  coast- 


uopyiiQhiea  maiunal 


DUGONG  HUNTING  AND  CONSERVATION  IN  AUSTRALIA 


line  is  the  Cape  York  Peninsula,  where  the 
greatest  dugong  concentrations  are  found.  The 
Peninsula  contains  numerous  small,  isolated 
habitations.  The  terrain  is  rugged,  difficult  to 
patrol,  and,  in  places,  impenetrable.  We  were 
told  by  people  living  there  that  anybody,  white 
or  black,  could  take  dugoi^  in  small  numbers 
regardless  of  the  law. 


Impact  of  hunting 

Successful  dugong  hunts  are  compara- 
tively few.  Green  turtles  {Cheloma  m/das)  for 
example,  are  for  easier  lo  catch  because  they 
are  more  abundant.  While  there  is  no  doubt 
that  hunting  has  caused  the  reduction  of  the 
dugong  from  vast  herds  at  the  turn  of  the  cen- 
tury to  Its  present  endangered  status,  we  doubt 
if  current  hunting:  pressure  has  an  appreciable 
impact  on  the  population,  at  least  in  northern 
Australia.  Dugongs  are  simply  too  scarce  to 
permit  their  capture  in  large  num  hers. 

We  could  better  assess  the  effects  of 
hunting  if  we  knew  the  fecundity  of  killed 
anunals.  Aboriginal  himters  will  sometimes 
capture  a  calf  from  its  mother;  the  mother 
persists  in  tr\ing  to  remain  near  the  calf,  fa- 
oliiaung  her  own  capture  (pers.  comm.). 
Cropping  of  calves  and  mothers  has  a  greater 
impact  on  the  population  size  than  cropping 
males  or  post-reproductive  animals. 


Other  threats 

Shark  netting  takes  its  toll  of  dugoncs 
(Heinsohn,  1972).  We  cannot  determine  how 
severely  nettmg  reduces  Australian  'stocks 
until  we  know  to  what  extent  dugong  herds 
follow  foraging  paths  which  bring  them  re- 
peatedly into  netted  beaches.  Perhaps,  if  net- 
ting were  confined  to  discrete,  permanent, 
well-populated  beaches,  dugongs  could  learn, 
by  cultural  transmission,  to  avoid  those  areas. 
Ine  noise  of  swimmers  could,  in  fact,  scare 
them  off. 


Non-human  predation  on  dugongs  is 
rare  (pers.  comm.).  We  heard  unconfirmed 
anecdotes  of  sharks  occasionally  taking  young 
dugoiues. 

Coastal  towns  bring  with  them  dredging 
of  harbours,  erosion  of  hillsides  with  a  subse- 
quent increase  m  silt  and  fresh  w  ater  carried  to 
sea,  commercial  vessels  and  small  pleasure- 
craft,  bathers,  and  water  pollution  in  the  form 
of  heat,  sewage  and  cSL  As  these  dfTeds  en- 
croach on  previously  uninhabited  coastUnes, 
they  may.  smglv  or  synergistically,  further  de- 
press dugong  populations.  For  example,  the 
dugong's  food  suppl\ .  extensive  as  it  is,  may  be 
reduced  or  contaminated.  Subtle  physiological 
effects  mav  plague  the  animals.  (\iurLship  and 
mating  behaviours  may  be  disrupted. 


Ptoposed  conservation  action 


We  offer  3  general  recommendations  to 
conserve  natural  populations  of  dugongs. 
First,  we  need  an  aocuiate  census  to  determine 
not  only  how  manv  dugongs  there  arc,  but  also 
whether  stocks  are  mcreasing,  decreasing  or 
Stable.  Secondly,  commercial  hunting,  if  it 
should  again  become  feasible,  should  be  pro- 
hibited, unless  perhaps  dugongs  were  rai.scd 
like  cattle  on  sea  ranches.  Thirdly,  large-scale 
dredging  operations,  sewage  and  waste  out- 
falls, land  erosion  from  mining  and  agricul- 
tural etlorts,  thermal  pollution  and  heavy  boat 
traffic  diould  be  prohibited  m  areas  where 
dugongs  are  known  to  forage.  These  factors 
are  harmful  to  cither  the  dugongs  directly,  or 
to  their  food  supply  (Thayer,  Wolfe  and  Wil- 
liams, 1975).  This  last  recommendation  is 
admittedly  unrealistic,  for  such  activities  ac- 
company economic  "progress".  Australia, 
despite  her  leadership  in  enacting  conserva- 
tion legislation  for  the  dugong,  cannot  be  ex- 
pected to  curtail  coastal  development  every- 
where dugongs  might  exist  or  potentially 
increase.  But  wiukable  compromises,  such  as 
the  locati<m  of  marine  reserves,  cannot  be  519 
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troposed  until  the  migraioiy,  feeding  and 
treeding  habits  of  dugong  are  known. 
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ful  aeronautics  and  boatmanship  of  Mat 
McDonald. 

Mr  George  Craig  and  his  laniily  gave 
anseifishly  of  their  facilities  at  Marineland, 
520   Green  Island,  and  provided  complete  support 


for  our  work  there.  They  were  patient,  encour- 
aging and  helpful  for  the  many  months  we 
imposed  on  them.  Alex  and  Paddy  Azzopardi 
provided  additional  assistance  at  Green  Is- 
land. Dr  William  Birch,  of  James  Cook  Uni- 
versity, identified  the  sea  grasses  we  collected 
there,  often  from  less  Idian  complete  material. 

This  report  was  prepared  bv  the  senior 
author,  who  thanks  Sandra  Peterson,  William 
Rogers  and  Terranoe  Lim  for  their  critical 
comments  on  the  manuscript.  The  research  it 
describes  was  made  possible  hv  a  Fellowship 
to  C.  Barnelt  from  the  Thomas  J.  Watson 
Foundation.  Through  the  warmth,  enei^  and 
interest  of  the  Director,  Dr  Dan  .Amaud.  and 
the  Executive  Secretary,  Mrs  Dorothy  Camp- 
bell, the  Foundation  provided  an  intangible 
support  surpassing  thetr  financial  generosity. 


APPENDIX 

Undcnrttcr  ohaervdom  of  a  dugong 

These  observalioiu  are  merely  notes.  For  general- 
izable  lesalts  a  study  would  need  to  be  made  of  a  stable 
hefd  living  in  dear  water. 

Our  observations  were  made  at  Green  island  (lal. 
16*46S,  long.  145*1 58E),  36  fan  fhnn  the  mainland  on 
the  Great  Barrier  Reef  The  isl  ind  is  a  tourist  resort,  and 
has  a  long  pier  extending  about  180  m  over  the  coral.  At 
low  tide,  Ae  exposed  reef  stretches  about  275  m  firom 
the  shoreline  in  places.  Where  coral  is  absent,  patches  nf 
sea  grasses  grow  amidst  large  areas  of  empty  sand.  It 
was  reported  fIrom  Green  Island  and  ftom  Cairns,  the 

closest  mainland  town,  that  a  dugong  had  been  seen  ofT 
the  island  for  5  to  lOyears  prior  to  ourairivaL  Observers 
believe  that  there  naed  to  be  a  mated  pair  bot  that  when 
one  was  shot  the  spouse  oontmued  lo  Aequcnt  the  is- 
land. 

For  3  months,  from  Januaiy  to  March,  we  estal>- 

lished  a  watch  from  the  pier.  We  .saw  the  dugong 
infrequently;  sometimes  its  husky  exhalation  gave  its 
locatkm  away.  While  one  of  us  oontmued  to  observe 
fiom  the  pier,  the  other  wmild  trv  to  swim  to  the  animal 
(usually  50- 100  m  away).  This  dugong  was  a  female  2.1 
m  long,  greyish-brown  donall^  and  creamy-while 
ventrally.  She  could  be  identified  by  3  distinctive  not- 
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che<^  on  her  tail  resembling  fish  biles.  She  fled  when 
appruachcd  the  fust  few  limes.  Later  she  would  tolerate 
us  if  we  were  quiet,  ddibcfate  and  calm.  By  the  eighth 
sighting,  I  month  after  we  started,  we  were  close  enough 
to  touch  her.  Uur  presence  nu  doubt  modified  her  nor- 
nul  behaviour. 

All  underwater  observation.s  were  made  with 
mask  and  snorkel;  notes  were  taken  on  plastic  slates. 
Our  study  ooincided  with  the  b^jbioing  oT  die  wet  sea- 
son, which,  along  with  .some  local  dredging,  may  have 
been  responsible  for  the  steadily  decreasing  water  visi- 
bility: 20  m  on  our  first  visit,  less  than  halfa  metre  when 
we  left. 

Throu^out  the  3  months,  we  stood  watch  on  the 
pier  for  32  days,  horn  sunrise  to  sunset.  In  addition, 
evervbody  who  worked  at  the  resort  was  ready  to  tell  u.s 
of  any  sightings.  Our  total  observation  time  over  the  3 
months  amounted  to  5  h  fhmi  the  pier  and  2  h  under 
w  ater  Because  of  this  extremely  short  contact  time  and 
because  we  observed  only  1  animal,  the  data  presented 
below  should  not  be  treated  as  a  generalization  for  the 
species  Moreover,  it  is  likely  that  if  the  dugong  did 
indeed  regularly  frequent  this  tourut  resort,  some  as- 
pects of  her  behaviour  oould  be  considered  adaptations 
to  boats  and  swimmers.  Finally,  coral  reefs  are  consid- 
ered atypical  habitats  for  dugongs  (Ber- 
tram and  Bertram,  1973;  Husar.  1975).  Despite  diese 
qualifications,  our  observations  represent  perhaps  the 
only  detailed  behavioural  record  of  a  free-living  du- 
gong. 

They  are  summarized  under  6  headings: 


Table  I.  Sightings  of  die  asne 


the  pier  at  Green  blaad, 
M-IS  Fcbnny;  14-M  Marah;  19 


Tide  and  Heather 
inshore  movements 


The  dugong  was  always  seen  to  come  inshore  on  a 
flood  tide  and,  with  one  exception,  withm  3  h  after  low 
water  (Table  1). 

She  may  have  come  inshore  even  earlier:  some  of 
our  sightings  could  have  occurred  after  she  had  been 
present  for  a  while.  We  do  not  know  how  long  the 
dugpng  (braged  in  the  grass  beds  around  Green  bland, 
but  00  one  occasion  she  stayed  at  least  3.5  h. 

Dugongs  probably  avoid  foraging  when  die  depth 
of  water  drops  below  a  minimal  figure,  to  avoid  both  the 
risk  of  stranding  and  to  keep  away  from  boats  and 
hunters.  Indigenous  people  hypodicsize  that  the 
increa.sed  depth  at  flood  tide  allows  dugongs  to  oome 
closer  inshore  without  getting  into  waters  below  this 
critical  depth.  Our  ngbtings  provide  some  evidence  for 
this.  We  found  a  significant  inverse  correlation  between 
the  water  level  at  low  water  and  the  time  elapsed  be- 
tween the  start  of  the  flood  tide  and  our  sightings 
(oorrebitioo  coefficient. 

r  -  -.711 1,  -  2.87>tdr-  8.a  -  .05  -  2.306). 

Thus,  when  k)w  tide  level  was  very  low,  we  would  wait 
longer  after  low  water  before  seeing  the  dugong.  If  die 
low  water  mark  was  high,  then  the  dugong  could  come 
inshore  virtually  coincident  with  the  start  of  flood  tide. 

The  dugong  always  appeared  at  dawn  or  dusk;  we 
never  saw  her  at  midday.  She  may  have  been  kept  away 


(I973K  Watches  BNuntcd:  20 


Sighitog 
number 

Hours  adcr 

Sea 

lJi)iJLTw.uter 

Dale 

Time 

start  of 

temperatuie 

visibililv 

flood  tide 

rc) 

(m)  ' 

1 

20  Dec. 

16.30 

leas  than  3  h 

2 

8  Jan, 

I8.IS 

0  h  45  min 

12.2 

3 

11  Jan. 

06M 

0  h   7  rain 

27.8 

12.2 

4 

18  Jan. 

IM5 

3  h  43  min 

29.4 

4.6 

5 

19  Jan. 

t8JS 

2  h  S3  min 

30.0 

4.6-6.1 

6 

20  Jan 

06.05 

2  h  .^8  min 

27.8 

4;6 

7 

7  Feb. 

18.25 

0  h  58  min 

6.1-7.6 

8 

8  Feb. 

06JO 

1  h  16  min 

27.8 

7.6 

9 

9  Feb. 

07.27 

1  h  II  min 

28.8 

6.1-7.6 

10 

16  Mar. 

16.05 

2  h  20  min 

26.1 

0.9-1.2 

II 

19  Mar. 

17.05 

1  h  54  min 

30.0 

4.0 
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at  that  time  by  boats  and  swimmers,  but  we  could  never 
muunbigwNiriy  asseas  her  reactkMi  to  them.  Weather 
conditions  for  the  sightings  ranged  from  sunny  to 
overcast  with  drizzle.  Seas  were  more  often  moderate 
than  calm;  vnad  fanned  horn  gentle  to  nuHkrale 
(Beaufort  acale:  3^). 


say.  Such  fhction  could  account  for  the  callouses  on  the 
anterior  tipa  of  her  pedorab. 

Bright  green  trails  through  the  dark  heds  of  sea 
grasses  appeared  to  represent  new  vegetation.  We  did 
not  see  the  dugong  nuking  or  feflowing  these  traib.  The 
dngong  foraged  at  a  depth  of  about  3-6  m.  On  the  one 
occasion  that  we  saw  her  dive  in  deep  water  she  was  out 
of  si^l  at  about  12  m. 


The  dugong  swam  with  smooth,  slow  strokes  of 
her  tail,  keeping  the  pectorals  pressed  to  her  side. 
Sometimes  she  used  them  us  hydroplanes  to  alter  di- 
rection, rolling  20°  as  she  did  so.  Occasionally,  she 
would  roll  over  completely.  She  usually  swam  closer  to 
the  bottom  than  the  surface,  and  never  shallower  than  3 
m.  She  travelled  in  straight  lines,  periodically  vccnng 
sharply.  Her  cruising  speed  was  as  fast  as  a  diver  could 
swim  using  fins  at  full  force,  a  speed  chosen  probably  to 
keep  her  distance  from  us.  She  could  easily  accelerate 
beyond  this  by  arching  her  body  and  increasing  tail 
speed,  as  she  did  when  she  left  our  sight.  Several  times 
we  saw  the  dugong  lymg  belly  down  on  a  sandy  bottom, 
motionless  for  up  to  7  minutes. 


Foraging 

We  cannot  estimate  the  extent  of  the  dugong's 
daily  foraging,  cither  in  terms  of  duration  or  area  cover- 
ed, since  we  made  all  our  observations  fh>m  one  spot.  Of 
the4gnsses  available  to  her.  flalophile  dvalis.  ThaUutsia 
hemprtehii,  Halodule  (=  Diplanihera)  uninervis  and 
Cymodoeea  romndata,  she  ate  the  last  2,  which  we  col- 
lected by  literally  pulling  the  ^r.i^ses  which  the  dugong 
had  upnwtcd  out  of  her  grasp.  Surprisingly,  she  did  not 
flee.  These  species  correspond  in  part  with  Heinsohn 
and  Birch's  (1972)  findings  from  gut  an;il\  sis  Wc  never 
saw  her  eat  anyttiing  else.  The  patches  she  led  on  ranged 
from  sparse  to  luxuriant. 

She  fed  with  her  body  cither  45  lo  the  btittom  or 
resting  completely  on  it,  pectorals  touching  the  sand.  As 
she  ate,  she  shmk  her  head  from  side  to  side,  uprooting 
grasses  with  her  bristled  lip  pads,  which  caused  sandy 
clouds  to  obscure  her  head,  and  left  a  trail  of  muddy 
water.  In  contrast  to  Husar's  (197S)  report,  we  did  not 
see  her  use  her  pectorals  to  shovel  plants  into  her  mouth. 
When  she  moved  along  the  substrate,  her  pectorals 
sometimes  diaggpd  in  tfie  sand,  but  whether  diey  pio- 
522    vided  some  force  for  her  forward  movement  is  hani  to 


The  dugong  surf  aced  for  air  every  i-5  minutes  on 
the  average.  On  about  a  third  of  her  ascents,  she  would 

start  to  exhale  about  15  cm  before  surfacing.  She  broke 
the  surface  for  3-5  seconds,  making  a  husky  exhalation. 
She  would  submerge  by  lowering  her  head  and  sfaiking 
to  the  bottom  oir,  mi>re  commoniv.  bv  arching  her  back 
out  of  the  water  ui  a  smooth  roll,  the  tail  flukes  being  the 
last  part  of  the  body  to  re-enter. 

InvBStad  swtanuring 

The  du^ng  wouki  swim  upside  down,  back 
robbing  against  sea  grasses.  Examination  of  the  ana 
over  which  the  dugong  swam  revealed  no  hard  objects, 
though  it  may  be  that  the  sand  in  which  the  grasses  grew 
provided  a  scratching  or  grooming  effect  We  <fid  not 
sec  the  dugong  rub  against  dead  coral  although  she  had 
alx>ut  a  dozen  20-2S  cm  long  scars  above  her  left  peo- 
toral  and  a  fi^  superficial  ones  on  her  tail  We  saw  no 
behaviour  whicli  could  explam  the  presence  of  die  scan. 


tiaiis  to  other  animals 

The  dugong  had  from  1  to  3  remoras  (Kemvra 
remora)  on  her  every  time  we  saw  her.  They  dung 

posteriorly  and  ventrallv,  although  thev  wtiuld  at  times 
move  off  the  animal  briefly.  Remoras  may  have  been 
more  concentrated  around  Green  Idand  than  elsewhere 

because  sh.irks  w  ere  rrctjticnilv  fished  out  of  the  water 
and  the  attendant  remoras  would  fail  off".  Remoras  are 
carnivores  (Strasburg,  I9S9)  and  diose  attached  to 
sharks  scaveriL'c  scraps  of  meat  from  the  shark's  meal. 
Since  the  herbivorous  dugong  could  clearly  not  provide 
them  with  such  benefits,  their  presence  may  be  due  to 
non-feeding  fiMtOKS  such  as  transportation  or  predator 
avoidance. 

Small  banded  fish  (perhaps  juvenile  pilot  fish, 
Nauenaa  dbclor)  sometimes  preceded  the  dugpng.  A 
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1.5  m  grouper  (Promicmps  lancenlalus)  -  a  Green  Is- 
land "regular"  -  could  approach  the  tlugong  to  within 
60  cm  with  no  immediate  ctTcct. 

The  dugong  tolerated  our  presence  to  within 


abtiut  1.2  m  We  were  able  to  scratch  its  back  once  but  it 
swam  away  afterwards.  Our  powerf  ul  camera  flash  had 
no  obvious  efTect.  An  approaching  row  boat  appamttfy 
caused  it  to  swim  away  in  a  straight  line. 
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The  ''Ca  iMIcr.  EnhvJni  lnin\.  is  ihc  iinl\  marine  member  of  (he  order  Carnivora. 
generally  inhabiting  near-shore  waters  of  less  than  20  fathoms  and  distinguished  from  the 
other  Lutrinae  by  its  larger  body  size  and  weight  and  other  substantial  anatomical  and 
behavioural  difTerenccs  Non-micrators.  resident  populations  of  2  suh-spccics  arc  distributed 
as  follows:  E.  1.  luiris  from  the  Commander  Islands  east  along  the  Aleutian  Islands  and  from 
Prince  William  Sonnd  south  to  southern  California,  and  E  1.  gradtis  from  the  southeastern 
coast  of  Sakhalin,  the  Kuril  Islands  and  southern  Kamchatka  Ouanli!ati\c  data  needed  for 
estimates  of  population  parameters  and  dynamics  of  the  species  are  generally  lacking.  A 
2-year  reproduction  cyde  with  year-round  whelping  and  breeding  induding  annual  peak 
poiods  has  been  documented.  Females  reach  sexual  maturity  at  aue  3  or4yean;  age  at  SeXUal 
matojity  in  males  is  unknown.  Data  on  mortality  arc  not  well  known. 

Omimerdal  exploitation  of  E.  futris  for  its  valuable  pelt  began  in  1741.  eventually 
eliminating  it  from  most  areas  by  the  late  19th  century.  With  nearlv  c<impletc  protection  since 
191 1.  E.  luiris  is  increasing  in  abundance  and  extending  its  range;  recent  esiimaies  indicate  a 
total  population  of  132  OOO  or  less,  with  1 600-1  800  others  off  CaKfomia.  near  50  off  Oregon, 
Washington  and  British  Columbia.  101  000-121  (X)0  ofT  .Maska  and  9  000  in  the  U.S.S.R.  Alt- 
hough it  has  yet  to  become  re-established  in  about  75  percent  of  its  historic  range,  once  extending 
to  Honshu  and  to  near  in  the  eastern  Padfic,  populations  in  some  areas  have  reached 
maximum  lev  els  of  abundance. 

At  the  same  time,  the  sea  otter's  aesthetic  value  has  been  recognized.  The  present  and 
potential  indirect  economic  benefits  of  recreational  use  of  the  spedes  are  unknown,  but  probabfy 
substantial.  E.  luiris  is  also  especially  interesting sdentifically  due  to  its  distinctive  environmental 
adaptations.  Conversely,  the  presence  of  sea  otters  substantially  reduces  the  abundance  of  some 
commercially  valuable  invertebrate  species  (including  abalone.  crab,  urchins  and  clams,  all 
niajivf  food  spedes  off.  luiris).  creating  conflicts  between  the  restoration  of  the  species  and  the 
harvest  of  invertebrates  (notably,  the  California  sea  otter/abalonc  conflict).  The  total  efiiect  of  £. 
luiris  on  the  near-shore  marine  community,  however,  is  unknown. 

Rimmi 

La  loutre  marine,  J&tA>K/r<;  luiris.  est  le  seul  animal  niarin  de  I'ordre  des  carnivores  i\  ant 
g^ndralement  dans  les  eaux  cdtieres  i  moins  de  36  metres  de  fond,  elle  se  distingue  des  autres 
lutrines  par  ses  dimensions  et  son  poids  oorporels  plus  considerables,  ainsi  que  par  d'autres 
diffiirences  subsiantiellcs  relevant  tant  de  Paaatomie  que  du  comportement.  Les 
populations  rteidentes  et  non  migratoires  de  deux  sous-esptees  soni  riparties  comme  suit:  R  I. 
luiris,  des  lies  du  Commandeur  vers  Test  en  suivant  les  iles  Alfoutiennes  et  du  Prince  William 
Sound  vets  le  sud  jusqu'A  h  CaHfimiie  mMdionale,  et  £  £  poeffls,  de  la  oOte  sud<est  de  525 
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Sakhaline  en  passant  par  les  lies  Kouriles  jusqu'au  Kamchatka  meridional.  Les  donn^cs  quan-  v 
titatives  n^essaires  aux  estimations  des  parametres  et  de  la  dynamique  des  populations  decette  j> 
cspdce  font  gdneralement  d6faut.  On  a  recueilli  des  documents  sur  le  cycle  de  reproduction  qui  i| 
s'dtend  sur  deux  ans,  la  parturition  et  la  reproduction  survenant  pendant  toute  Tannic  avec  des  ' 
sommets  annuels.  Les  femelles  atteignent  la  maturity  sexuelle  k  Tflge  de  iiois  ou  quatre  ans;  on 
ignore  A  quel  5ce  les  males  attcienent  la  leur.  Les  donnees  stmt  imprdcises  sur  la  mortalitd. 

On  a  coiDiiicncc  a  cha&ser  £.  iums  pour  sa  fourrure  cn  1 74 1 ;  rcxploitation  de  cetie  csp^e 
a  flnalement  provoqud  son  dlimination  dans  la  plupart  des  regions  a  la  fin  du  19*  i 
siccie.  Beneficiant  d'unc  prutcciion  quasi  totalc  dcpuis  191 1.  £.  lu/ris  rcdevient  plus  ahondante 
et  elargit  son  habitat;  d'aprcs  des  estimations  rccentes.  la  population  tolale  dc  loutres  niannes 
atteindrait  132  000  unites  au  maximum,  dont  1  6(X)  a  I  800  au  large  de  la  Califomie.  une 
cinquantainc  au  large  de  I'Oregon.  du  Washington  et  de  la  C'olomhie  Rritanniquc,  dc  101  (XX)  a 
121  000  au  large  dc  I'Alaska  et  9  (XX)  cn  U.R.S.S.  Bicn  que  la  loutrc  marine  nc  sc  sou  encore 

rftablie  que  sur  75  pour  cent  dc  son  habitat  historiquc.  qui  s't^lcndait  jadis  jusqu'^  Honshu  i  I 
i'ouest  et  jusqu'a  pres  dc  28  dc  laliludc  Nord  dans  le  Pacifiquc  oriental. SCS populatioOS Ont dam  | 
certains  sectcurs  rctrouvc  des  nivcaux  maximaux  d  abondancc.  f 

Par  ailleurs.  la  valeur  esthitique  de  la  loutre  roaiine  a  M  reoonnuc.  On  ignore  quels 
avantages  dconomiques  indirects,  tani  actucls  que  potentiels,  on  pourrait  tirer  de  s<in  utilisation  a 

des  tins  recrdatives,  mats  its  sont  sans  doule  substantiels.  £.  luiris  est  en  outre  particulidrement  ' 
intdressante  au  point  de  vue  scientiflque  par  suite  de  son  adaptation  k  un  environnement  bien 
distinct.  Par  contre.  la  pnHencc  de  ce  lutrinc^  reduit  notablement  !"ab(indance  de  certaines 
esptk.'es  d'mvcrtcbrcs  qui  ont  unc  valeur  cununcrciulc     compri2>      ormcaux,  les  crabes,  les 
ounins  et  les  dams,  les  prindpales  esptoes  dont  se  nourrit  £  huris);  il  en  ifeulte  une  incompa- 

tibilitc  entre  le  relablissemcnt  de  ccttc  loutrc  et  la  recoltc  des  invertc^bres  (notamment  cntre  la  | 
loutrc  mannc  de  Caliromic  el  Tormcau).  Tuutctuu,  on  ignore  quel  cm  au  total  I'lnllucncc  dc  £.  ) 
baris  sur  les  oonununaittds  marines  cOdires. 


La  nutria  marina,  Enfydm  lutris,  cs  el  iinico  micmbro  marino  del  orden  de  los  camivo- 
ros.  Vive,  cn  general,  cn  zonas  costeras  de  mentw  dc  20  brazas  de  profundidad  y  sc  distingue  de 
las  demas  Lutrinac  por  su  mayor  talla  ct»rporal  y  peso  y  por  oiras  importantcs  ditcrencias 
anat6micas  y  de  comportamienlO.  Existen  dos  subespecies.  cuyas  poblacioncs  rcsidcntcs,  no 
migralorias,  cstdn  distribuidas  como  sigue:  E.  L  lutris  desde  las  Islas  Commander  hacia  cl  este  a 
lo  largo  dc  las  Islas  Alcutianas,  y  desde  la  Bahia  de  Principe  William  hacia  el  sur,  hasta 
(  alifomia  meridional,  y  F..  I.  gmcitis  desde  la  oosta  sudeste  de  Sakhalin  hacia  las  Ulas  Kuriles  y 
cl  sur  dc  Kamchatka,  l-altan  en  general  datos  cuantitalivos  para  estimar  bs  pardmetros  die 
pobbciun  y  la  dinamica  dc  la  cspetie.  Los  dalus  disponiblcs  rcvelan  un  cicio  reproductivo  de dos 
ados,  con  ahuibvamientos  ;  :  ii  is  a  lo  largo  de  todo  el  afio.  con  penodos  miiximos  en 
delerminados  momentos.  Las  lit  f  i  i  llcgan  a  la  madurcz  sexual  a  los  trcs  o  cuairo  anos  de 
edad,  micntras  no  se  conocc  la  cd.ui  dc  iiiadurez  sexual  de  los  machos.  No  se  dispone  de  buenos 
datos  sobre  mortalidad. 

La  explotacion  comercial  de  E.  lutris  por  su  piel.  considerada  valiosa  desde  hacc  mucho 
tiempo.  comenz6  en  1 74 1.  V  para  finales  del  siglo  XIX  la  especie  habia  desaparecido  de  la  mayor 
parte  de  las  zonas  en  que  se  encontraba.  Desde  191 1,  en  que  empez6  a  gozar  de  proleoddn casi 
oompleta.  cl  numero  de  /:  luiris  va  en  aumento  y  la  especie  esta  extendiendo  su  zona  de 
distribucion  algunas  estimacioncs  recientes  indican  una  p*>blaci6n  total  de  132  000  o  menos 
animalcs.  cv>n  I  6(X)-1  800  frenle  a  California,  ccrca  de  50  frcnte  a  Oregdn,  Wishington  y 
Columbia  Rritanica.  I01-(MX)-121  000  frenle  a  .Alaska  y  9  000  cn  la  U.R.S.S.  Aunque  queda  aun 
por  repoblar  el  75  pin  cicnto.  aproximadamcntc,  dc  su  zona  tradicionai  dc  dislribuci6n.  que 
antaik)  Uegaba  hasta  Honshu  y  hasta  cerca  de  los  28^4  en  el  este  del  Fadfloo.  las  pobladraes  de 
326    algunas  zooas  ban  akanzado  ya  niveles  miximos. 
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Simultaneamente  se  ha  ido  reconociendo  d  \alor  estelico  de  la  nutria  marina  Ixw 
beneficios  indirectos actuates y  potenciales dcnvados  del  aprDvcchanucnio  para  lines  rccrcativos 
de  esta  especie  son  desconocidos,  pero  pmbablcmcntc  importantes.  £  bttris  es  tambidn  cspc- 
cialmcnle  intcrcsanlc  dcsdc  c!  puni<i  dc  \ista  (.ientifito.  dchiiio  n  "iii  adaptacion  al  modio 
ambicnle.  Por  olro  iaUu,  la  prcscnua  dc  nutrias  mannas  reduce  sustancialniente  la  abundaneia 
de  algimas  espedes  de  invertebrados  valiosos  desde  el  punto  de  vista  comeicial  (entre  ellos, 
orejas  de  mar.  cangrcjos.  erizos  de  mar  y  almejas,  especies  lodas  que  figuran  entre  los  principales 
alimentos  de  £.  lutris),  lo  que  plantea  cunfliclos  entre  la  rcslauracion  dc  c>la  especie  y  la 
exploiaci6n  de  los  invertebrados  (es  de  notar  espedalmenie  domfliolo  entre  k  nutria  nuuina  ile 
Caliromia  y  la  drcja  dc  mar).  Sin  emtNUfgo,  no  se  oonooen  loB  cfcctos  totales  de  £  barts  en  las 
oumunidadcs  mannas  costeras. 


Sea  Otter/  Walrus  Project.  Fish  and  W  ildlife  Senice,  National  I'ish  and  W  ildlife  I  ahomuny. 
Anchorage  field  Station.  4455  Business  Park  Boulevard,  Anchorage,  Alaska  9950 J,  USA 


Classification  and  ideiuiflcation 


Sea  otters  arc  the  largest  member  of  the 
family  Mustelidae,  the  only  marine  member  of 
the  order  Camivora,  and  the  smallest  marine 
mammals.  2  sub-species  are  recognized:  Fn- 
hydra  lutris  gracilis,  found  in  southern  Kam- 
chatka and  the  Kuril  Islands;  and  Enhydra 
luiris  luiris.  which  ranges  from  the  Comman- 
der Islands  east  and  south  to  Alaska  and  south- 
ern California  (Roest,  1973).  Although  the 
Califomia  population  of  K  I.  lutris  has  fea- 
tures distinct  from  the  northern  population. 
Roest  (1973)  considers  the  California  popula- 
tion as  a  southern  extreme  of  a  cline. 

In  general  structure  or  form  the  sea  otter 
resembles  other  otters;  the  head  appears  flat- 
tened dorso-vcntrally  and  the  body  elongated 
and  cylindrical.  However,  there  are  aho  sub- 
stantial distinguishing  features:  the  sparse 
guard  hairs  are  about  1-1/2  inches  long,  un- 
derfur  dense  and  about  1  inch  long;  the  rear 
paws  are  flattened,  the  phalanges  connected 
by  webs  with  individual  pads  near  the  tips,  the 
outer  (fifth)  ditiit  longest  thus,  like  flippers; 
pelage  colour  is  variable  from  nearly  black  to 
light  brown  with  the  head,  neck,  and  occa- 


sionally anterior  body  tending  to  be  lighter,  in 
some  animals  becoming  silver  or  white  with 
age:  the  tail  is  horizontally  flattened,  about 
one-third  body  length  and  bluntly  tapered;  the 
forepaws  are  short  and  blunt  with  retractile 
claws  and  the  external  pinnae  rolled,  appear- 
ing pointed.  A  skin  fold  on  each  side  of  the 
chest  between  the  forelegs  is  used  with  the 
foreleg  for  holding  food  or  other  items.  The 
dental  formula  is  3/2.  1/1,  3/3»  1/2  with  mo- 
lars flattened  and  rounded. 

The  body  size  of  sea  otters  changes  with 
age  and  varies  somewhat  among  populations 
(Kenyon,  1969).  Generally  adult  males  are 
from  135  to  \40  cm  long  and  weigh  nearly  30 
kg.  Adult  females  are  slightly  smaller,  with 
body  length  ranging  from  125  to  130  cm  and 
weigh  20  to  25  kg.  Newborn  pups  ar6  50  to  60 
cm  long  and  weigh  nearly  2  k^. 

Probably  the  most  distmctive  diaiacte- 
ristic  of  the  sea  otter  is  the  tendency  to  rest  and 
swim  on  its  back.  The  typical  resting  position 
in  water  is  on  its  back  with  head  and  both  front 
and  rear  paws  out  of  the  water.  When 
swimming  on  its  back  the  head,  chest,  and 
front  paws  are  (nit  of  the  water,  and  the  hind 
paws  and  tail  are  used  for  propulsion  and 
Steering.  527 


Copyriyt  iiCQ  material 


A.M.  JOHNSON 


Distribution  and  movements 


Resident  populations  arc  found  fn^m 
central  California  north  to  Prince  William 
Sound,  westward  along  the  Aleutian,  Com- 
mander, and  Kuril  Islands;  on  the  southern  tip 
of  Kamchatka  Peninsula  and  the  southeastern 
coast  of  Sakhalin  Island  (Kenyon,  1969;  Ni- 
Icolaev,  1961).  The  sea  otters  found  from  cen- 
tral California  to  Prince  William  Sound  are 
small  groups  recently  translocated  to  the  coasts 
of  Oregon,  Washington,  Vancouver  Island, 
and  southeast  Alaska.  Historically,  sea  otters 
ranged  to  near  28"N  lat.  (Scammon.  1870)  in 
the  eastern  Pacific  and  to  northern  Honshu 
Island  (Nikolaev,  1961)  in  the  western  Pacific. 
Although  sea  otters  are  widely  distributed, 
most  are  found  relatively  near  shore  in  water 
less  than  20  tathoms  with  few  found  in  water 
deeper  than  30  fathoms. 

There  appear  to  be  seasonal  changes  in 
local  distributic^n  but  little  evidence  to  indicate 
that  sea  otters  migrate. 


State  of  stocks 

Commercial  exploitation  of  the  sea  otter 
began  in  1741  with  the  return  to  Kamchatka  of 
die  survivors  of  the  crew  of  Bering  s  last  voya- 
ge. By  the  late  19th  century  the  number  of  sea 
otters  had  been  greatly  reduced  throughout  its 
range  and  eliminated  from  most  arca^.  With 
nearly  complete  protection  since  1911,  the 
remnant  populations  have  gradually  increased 
in  numbers  and  in  some  areas  the  population 
is  believed  to  be  near  the  maximum  level,  but 
in  most  areas  range  extension  and  increase 
continue  (Lensink.  I960:  Kenyon,  1969;  Klu- 
mov,  1968;  Wild  and  Ames,  1974). 

Recent  estimates  of  the  sea  otter  popu- 
lation indicate  a  total  population  of  132  000  or 
less,  with  I  600  to  I  800  ofT  California  (Wild 
and  Ames,  1974);  near  50  oil  Oregon,  W  ash- 
ingtxm,  and  British  Columbia;  101 000  to 
528    121 000  off  Alaska  (Alaska,  E^e{»artment  of 


Fish  and  Game,  1973);  and  9  000  in  the  USSR 
(Klumov,  1968). 


PofNilatlon  characteristics  (vital  pa< 
nunders) 


The  characteristics  describing  the  dyna- 
mics of  sea  otter  populaiii  iis  Ii.i\  c  not  been 
studied  in  depth.  Studies  bv  Barabash-Nikifo- 
rov  (1947),  Kenyon  (1969),  and  Schneider 
(1972)  provide  descriptive  information  but 
generally  quantitative  data  for  a  basis  of  esti- 
mates of  population  parameters  are  lacking. 

Reproduction  in  the  sea  otter  has  re- 
ceived a  considerable  amount  of  attention. 
Investigators  generally  agree  on  the  timinp  of 
peaks  in  activity  and  the  total  length  of  the 
reproductive  cycle,  but  disagree  on  other  as- 
pects (Barabash-Nikiforov.  1947;  Kenyon, 
1969;  Sandegren,  Chu  and  V;indeverc.  1973; 
Schneider,  1972).  By  examining  both  a  tooth, 
for  age  estimation,  and  the  reproductive  tract, 
in  over  I  300  females,  Schneider  (1972)  con- 
cluded females  arc  rcproductively  mature  at 
age  3  or  4  years;  the  reproductive  cycle  requi- 
res 2  years;  peak  of  breeding  occurs  in  October 
and  November;  implantation  occurs  approxi- 
mately 2  months  after  ferliiizalion;  the  gesta- 
tion period  is  S  months;  the  peak  of  pupping 
occurs  in  late  Nfayor  early  June:  and  although 
there  is  a  peak  pupping  and  breeding  period, 
these  activities  occur  throughout  the  year. 
From  field  observations  and  the  examination 
of  reproductive  tracts  from  278  females  from 
Amchitka  Island,  Kenyon  (1969)  reported  4 
years  as  the  age  of  reproduciivc  maturity  for 
females;  a  2-year  cycle;  an  unimplanted  pe- 
riod  of  7-8  months;  a  total  scstalion  period  of 
12-13  months;  and  an  annual  reproductive 
rate  of  near  IS  %.  Age  at  maturity  of  males  is 
not  known. 

Partial  segregation  hv  ace  and  sex  limit 
the  value  of  counts  and  collections  as  a  basis 
for  determining  the  sex  ratio  but  generally 
these  data  show  a  preponderance  of  females. 
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The  sex  ratio  of  foetus  collections,  whidi  have 
no  obvious  source  of  bias,  also  show  more 
females  (55  %)  than  males  (Kenyon,  1969; 
Schneider,  1972). 

Mortality  is  a  characteristic  of  the  popu- 
lation for  which  it  is  difficult  to  obtain  data. 
Kenyon  (1969)  reported  that  the  greatest 
mortality  occurs  from  February  throu^  May, 
and  estimated  the  annual  death  rate  was  8  to 
1 1  %  of  the  Amchitka  Island  population.  Al- 
though this  estimate  of  the  deatt  rate  seems 
reasonable,  it  is  based  on  limiti^^  data.  From 
counts  of  annuli  in  the  cement  of  teeth. 
Schneider  (pers.  comm.)  has  estimated  the  age 
of  nearly  2  000  female  sea  otters  and  has  found 
the  oldest  to  be  23  years,  but  only  5  or  6  were  20 
years  or  older,  indicating  sea  otters  are  rela- 
tively long  lived  but  that  moriaiiiy  ej.senUally 
eliminates  a  year  dass  pru)r  to  reaching  age  20. 

Factors  causing  death  among  sea  otters 
are  not  well  known.  Predation  generally  ap- 
pears insignificant,  but  recent  observations  of 
eagle  nests  of  Amchitka  Island  indicate  that 
substantial  predation  on  pups  may  (Kcur  there 
(Sherrod,  Estes  and  White,  1975).  Malnulri- 
tion,  parasites,  physical  injuries,  and  diseases 
have  also  been  identified  as  causes  of  death. 


Relation  to  humans 


The  economic  value  of  sea  otter  skins  is 
well  known.  However,  since  1911  when  sea 
otters  were  first  protected  the  only  harvest  has 
been  the  CTqaerimental  take  of  about  2  SOD 
from  1962  to  1971  by  the  State  of  Alaska.  Sea 
otters  continue  to  be  protected  by  the  Marine 
Mammals  Protection  Act  of  December  1972 
and  no  animals  have  been  taken  since.  The 
tremendous  demand  and  resulting  high  price 
paid  for  sea  otter  skins  in  the  18ih 
and  19th  centuries  shows  the  appeal  of  this 
skin.  There  is  no  way  of  predicting  what  the 
present  or  future  value  might  he.  but  it  was 
certainty  one  of  the  most  sought  after  skins 
historically. 


A  crude  estimate  d the  sustainable  yield 

of  sea  otter  skins  from  a  maximum  population 
can  be  developed  in  the  Ibllowing  way.  Ken- 
yon (1969)  assumed  diat  there  were  30000 
sea  otters  ixxnipving  about  one-fifth  of  the  his- 
toric range  in  the  mid-1960's  and  postulated 
that  the  original  population  of  sea  otters  was 
probably  between  100  000  and  150  000.  Esti- 
mates of  the  sea  otter  population  by  other 
investigators  (Lensink,  1960;  Alaska,  Depart- 
ment of  Fish  and  Game,  1973:  Estes  and 
Smith,  1973)  are  generally  greater  than  Ken- 
yon's  estimates.  If  it  is  assumed  that  Ken- 
yon's  estimate  was  loo  low  and  there  were 
nearer  60  000  sea  otters  occupying  i^ne-fifth  of 
the  historic  range,  the  original  population 
should  ha\e  been  near  300 0(X);  this  is  prob- 
ably a  more  realistic  esliinate  based  on  recent 
data.  Kenyon  (1969)  estimated  the  population 
was  increasing  at  a  rate  of  4  to  5  ^!  in  the  late 
I950's  and  early  1960's.  Assuming  5  %  is  the 
highest  possible  utilization  rate  for  sustainable 
yield,  a  population  of  300  000  could  provide 
15  000  .skins  annually.  Obviously,  this  is  a  ver\' 
crude  estimate  of  the  potential  sustained  yield. 

Recent  studies  of  sea  otters  in  the  USSR 
have  shown  the  sea  otter  has  reached  maxi- 
mum abundance  in  some  areas  (ikikin.  1966: 
K-lumov,  1968)  and  harvesting  is  being  consid- 
ered (Marakov,  1966:  Voronov,  1965). 

More  and  more  important  is  the  aesthe- 
tic or  recreational  use  of  .sea  otters  -  a  use  or 
value  which  has  increased  dramatically  as  the 
otters*  range  has  expanded,  particularly  in 
areas  of  human  population.  The  otters'  ap- 
pearance and  behaviour,  particularly  the  ma- 
ternal care  of  the  young,  appeals  strongly  to 
humans.  The  present  and  potential  indirect 
economic  effect  of  recreational  use  of  sea  ot- 
ters is  not  known,  but  is  probably  substantial. 

Sea  otters  have  several  features  of 
interest  lo  science  and  education.  They  arc  the 
only  marine  members  of  the  order  Carnivora, 
they  are  "tool  users",  they  have  no  blubber  for 
insulation  or  as  an  energy  source,  and  their 
metabolic  rate  is  high. 

Some  interactions  between  sea  otters 
and  humans  are  considered  detrimental,  at  529 
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least  by  some  segments  of  the  human  popula- 
tion, "nie  so-called  sea  oner-abalone  conflict 
(California  Senate,  1963),  which  has  plagued 

resource  managers  in  California  for  more  than 
10  years,  is  the  most  obvious  interaction  of  this 
type.  Actually,  several  commercially  valuable 
marine  invertebrates,  such  as  abalone,  crab, 
urchins,  and  clams,  are  major  food  species  of 
sea  otters.  In  the  absence  of  sea  otters  in  the 
near-shore  marine  environment  these  inverte- 
brates, which  are  predominantly  grazers,  reach 
high  levels  of  abundance  and  are  a  commerci- 
alty  valuable  resource.  Studies  of  sea  otters 
and  I  Men  environment  have  shown  quite 
conclusively  that  the  abundance  of  these 
invertebrate  species  is  substantially  reduced 
when  sea  otters  occur,  creating  a  conflict  be- 
twecn  those  people  wanting  the  sea  otter  re- 
stored throuj2h(nit  its  historic  range  and  the 
people  compelmg  with  the  sea  otter  for  the 
invertebrates.  Additional  discussion  can  be 
found  in  reports  of  hearings  and  conferences 
on  this  conflict  (Cahfomia  Seanate,  1963. 
1965;  Anon,  1969:  Ebert,  1968;  McUan.  1962; 
MiUer.  1974;  Vandevere,  1973;  Wild  and 
Ames,  1974).  Unfortunately,  we  cannot  de- 
scribe all  the  changes  in  a  marine  community 
resulting  from  the  presence  of  sea  otters.  It  is 


quite  reaM)nable  to  speculate  that  the  presence 
of  sea  otters  in  a  marine  community  would 
result  in  a  potentially  benefkial  increase  in  the 
total  biomass  of  the  community  (McLean, 
1962). 


Conclusion 


The  following  are  believed  to  be  the 
most  important  conclusions  that  can  be  made 
regarding  sea  otters: 

1.  Sea  otters  as  a  species  are  increasing  in 
abundance  and  extending  their  range. 

2.  Populations  in  some  areas  have  reached 
maximum  level  but  thev  have  not  yet 
become  re-established  in  about  65  %  of 
their  historic  range. 

3.  The  presence  of  sea  otters,  ihrt)ugh 
feeding,  substantially  reduces  the 
abundance  of  some  commercially  valu- 
able invertebrate  species,  but  the  total 
etTect  sea  otters  have  on  the  near-shore 
marine  community  is  not  known. 
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